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ABSTRACT

This 1is the second of three volumes. Volumes I and 1II contain
other aspects of the study: descriptions of the LITE codes and their
application to the analysis of experimental data. Two machine programs
were developed for use in computing microscopic and macroscopic cross
sections for light scattering and absorption by spherical-homogeneous
aerosol particles with a complex index of refraction. The first of these
programs computes microscopic cross section date by use of the Mie theory.
The second program integrates the microscopic cross se:tion data over
aerosol particle size distributions to produce macroscopic cross section
data. These codes have been written in ALGOL for the Burroughs B-5500

computer and in FORTRAN-IV for other computers.

Calculations obtained from these codes have been compared with data
reported by other investigators in order to verify their accuracy. A
sizable quantity of aerosol cross section data has been generated for
several aerosol particle size distributions and the results are presented
in this volume. In addition, a descriptior of the calculational methods
and instructions for utilization of the two codes on the B-5500 computer

are given to aid those who wish to utilize the codes.
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PREFACE

During the period 1 August 1965 to 31 August 1966 Monte Carlo studies
were performed to determine light transport in the atmosphere under various
environmental conditions. These studies consisted of: 1) correlation analy-
sis of light transport from a point isotropic source and a plane parallel
source to determine the comparability of solar light transmission data
and transmission properties for thermal radiation from nuclear weapons,

2) development of machine codes fer calculation of phase functions and
scattering and absorption coefficients for spherical-homogenous aerosol
particles with a complex index of refraction, 3) an analysis of expevimen-
tal field data on light transmission, 4) parameter studies to determine

the specific influence of ground and cloud albedo, cloud height, and aero-
sol number density and particle size distribution on the transport of light
in the atmosphere, 5) modifications to the LITE codes to increase their
application to a wider range of atmospheric transport problems and 6) the

development of a machine program for use in converting the scattered inten-

sities computed by the LITE codes for a given ground albedo to data giving
scattered intensities and scattered fluxes for other ground albedos. Tne
resuits of these studies are presented in this report, which is divided
into three volumes. The first volume describes Lhe results of items 1, 3,
and 4 outlined above. The second volume desgribes the machine programs

developed for use in calculation of aerosol cross sections. The third

volume contains utilization instructions for the modified vers{ons of the
LITE codes and for the code development to convert the LITE results to data

giving scattered intersities and fluxes for other ground albedos.
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I. INTRODUCTION

In any problem concerned with the transport of light in the atmosphere,
the nature of scattering and absorption of light by aerosol particles is
ari important consideration. This is especially true when the effects of
varying atmospheric conditions are being studied, since the concentratiomn,
size distribution, and refractive index of the aerosol content of the atmos-
phere may contribute larger variations to the scattering properties of the
atmosphere than other perturbing factors. The object of the w rk described
in this report was to develop a method of calculating aerosol cross section
data in the format required by the LITE codes (Ref. 1). The LITE codes use
Monte Carlo techniques to evaluate the transport of light in a plane atmos-

phere.

In most cases aerosol particles may be approximated by Jielectric
spheres of varying size and refractive index, vhether they are found in
continental hazes, smoke hazes, water hazes, fogs or clouds. For such
spheres, the scattering of light can be rigorously described by the appli-
cation of pure electrodynamics and is usuvally termed Mie scattering. The
application of the exact Mie theory to scattering problems has not been
widespread until recent years, due to the length and complexity of the
calculations involved. However, with the present accessibility of high-
speed electronic computers, this difficulty no longer exists and computa-
tions may be performed without relying upon approximations and extrapola-

tions from limiting cases.

After microscopic Mie cross section and scattering phase functioa

data uave been obtained for spheres of particular sizes and refractive
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indices, the nature of the scattering of light with a given wave length by
aerosol concentrations composed of particles of diverse radii can be com-
puted by integrating the microscopic data over a particle size distribu-
tion chosen to represent the true aerosol size distribution for particular

atmospheric conditions.

Two computer programs, RRA-42 and RRA-45, have been developed for use
in computing aerosol scattering and absorption data for input to the LITE
codes., The first code calculates pertinent microscopic scattering and
absorption data based upon the Mie theory, and the other integrates this
data over realistic eerosol concentrations. These codus have the capabil-
ity of producing data of more general interest, since the results of the
calculations may be useful in any problem dealing with the scattering of
electromagnetic radiation by particles which may be approximated by spheres

suspended in a homogeneous medium.

The theory used in the Mie scattering calculations is treated fully
by Van de Hulst (Ref. 2). Section II, therefore, presents only the basic
relationships, without description of their theoretical derivations. The
computational procedure used by the codes, complete instructions for their
utilization, and selected calculations using the procedures are also con-

tained in the remainder of this report.
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I1. CALCULATIONAL PROCEDURES

The following two sections describe the equations used in RRA-42 to
compute scattering and absorption cross section data based on Mie theory
and in RRA-45 to integrate the Mie data over arbitrary aerosol particle

size distrilutions to obtain macroscopic aerosol cross section data.

2.1 Microscopic Mie Scattering

Consider light with wave length A propagating in the region of a
dielectric sphere of radius r and complex index of refractinm = n - in’.
The resulting scattered radiation field is defined by the Mie theory to
have vector components of the electric field perpendicular to the direction

of propagation with magnitudes

¢ _2n+l
§,(z,2,m,8) = | D)

n=1

[annn + bnrn] 1 (1)

and

: 2n+1

Sz(r,k,m,e) -niln(n+l) [bnﬂn + anTn] ~ (2)

where S1 and S2 are the complex amplitude functions of the scattered wave.
The quantities a and bn are the Mie coefficients and m and T are angular
dependent functions of Legendre polynomials. The explicit dependence of
these and following relationships upon a specific pair of r and A values
mey be remcved by defining the variable x, the size parameter, by

*x = 2nr/A . (3)

The Mie coefficlents may then be written in the form given by Van de Hulst:

w'n(mx)wn(x) - mwn(mx)w'n(x) , %)

n - W @) (0 - m_@a)g(x)

a

e




il

and my' @0y _(x) - ¥ @OV (x)

by = mw'n(mx)cn(x) - w:(mx)c;(x) G)
with wn(x) = xjn(x)
and cn(x) = xhn(z)(x) >

where jn(x) are the spherical Bessel functions, hn(z)(x) are spherical
Hankel functions of the second kind, and the primes indicate differen-
tiation with - :spect to the argument. The angle-dependent coc.ificients,

m and t_, are written
n n

"n " Scosb Pn(cose)

and

2 6"n
Tn = nncose - (sin”"0) o8t

where Pn(cose) are Legendre polynomials and the symbol ¢ indicates

partial differentiation.

It can be seen that the amplitude functions may be computed to
arbitrary accuracy by evaluating the convergent series in n to the re-~
quired number of terms. However, the Mie coefficients are difficult to
evaluate in the form shown in Equations 4 and 5. The calculations may
be simplified by expressing a, and bn as functions involving only ordin-
ary Bessel functions of order ’“*%'J:n:g(z)' and their derivatives, where
z = x or z = mx, This may be done by the application of the following
identities:

B\
Jn(Z) ] (zz) Jrl'.';ﬁ(Z) ’

e e it Sare 5 &

ek R 3 —




]
(2) I .
h (z) = (Zz [Jn_,_;5 (z) - 1 I‘n+35 (z)]1 ,

N, @ = % @,
and
n, () = (DT y L @,

After performing these substitutions and taking the required derivatives,
Equations 4 and 5 may be algebraically altered and written in a form prev-

iously reported by Deirmendjian (Ref. 3);

o} n
ot 3 Jnpy © I &)

a = m , (6)
[ﬁ L0, )+ 1D x)] - J ) + 1(-1)"J ()
=t x] n#s X -n-% % ] n-% (e —ntl N
and
n
bn - [mAn + ;] Jn+;5 (x) - JE_;5 (x) L (D
n n n
[ma + 31 [Jn+35 (x) + 1(-1) J_n-k (x)] - J ek (x) + 1(-1) oot (x)
where 3 (mx)
A = A (mx) = - 2= 4 =F =
n n K'H‘;ﬁ mx

The form of these expressions for a, and bn is particularly convenient
since the portion of the coefficients containing Bessel functions of com-
plex argument is restricted to the An terms, which may be calculated sep-
arately. This is done through the simple recursion formula

1

A (mx) = - L.
n mx L-A (i)
mx n=-1

where .
J (mx)
A (mx)

5 = J+;§(mx) = cot (mx)




Again capitalizing upon the affinity of Bessel functions for recur-

slon formulae, Equations 6 and 7 may be written

- 28 + BlRety) - ReCw_) (8)
n [fﬂ + 8w -w
m x''n Bk
and
ey + SiRew) - Rew ) *
? [mAn +‘§]wn S
where
v (x) = -l Yol = Thag 7
and

wo(x) = yinx + icosx ,

w,(X) = cosx - isinx .

1

Thus a and bn may be computed by evaluating An and v separately, wi:h

the only preliminary computations being cosx, sinx and cot mx.

Likewise, the angular-dependent functious, T and T o may be deter-

mined by recursion formulae with the relations

m @) = En  (e)cos - (B (0
and

t,(8) = cosoln (8) = n__,(8)] = (2n-Listn’[n__ (6)}+ t__,(6)
where

m,(8) =0 1,(6) =0

nl(e) =1 rl(e) = cosf
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7,(8) = 3cos 1,(8) = 3(1 - 2s1n%6) .

The extinction aud scattering cross sections for light of wave length
A incident on a sphere of radius r are calculated by evaluating the conver-

gent series

2 =
A .
Ogyp (MoTom) = 5= nzl (2n+1)Re(a_ + b ) (10)
and
2 ©
A 2 2
0, (hr,m) = 5= nZ1 (2n+1) ([an| + |bn| ) & (11)

Explicit dependence upon a particular pair of r and A values may be elimin-

ated by defining efficiency factors, Qext and Qsc’ by

Q xt(x’m) = Uext(r,A,m)/rr2

e
and
Qsc(x,m) = csc(r,k,m)/nr2 5
or
Q t(x,m) -'ZE ) (2ntl)Re(a + bn) (12)
ex X~ n=1
and
q (xm =L ] (2mD) cla|+ b 1B . (13)
x~ n=1

In order to fully describe the scattered radiation, the following

four intensity functions must also be calculated:

i, (x,m,0) = |Sl|2 5 (14)

2
1,(x,m,8) = |82| . (15)




1,(x,m,6) = Re(S S, Sk (16)

and
*
ia(x,m,e) - -Im(8182 o (17)

where the * indicates the complex conjugate. Since S, and S,, defined "

1 2’
Equations 1 and 2, are the magnitude of the electric amplitude perpendic -
ular and parallel, respectively, to the plane of scattering, the values
il and 12 are proportional to the intensity of the light scattered per
steradian, at some particular scattering angle, perpendicular and parallel
to the plane of scattering. The quantities 13 and i4 are related to the

Stokes' parameters defining the ellipticity and plane of polarization of

the scattered light.

At a point in the radiation region of the scattered field, assuming

azimuthal symmetry, the intensity of the scattered light is given by

1 = £ 4
2.2 7o
kR

where Io is the intensity of the incident radiation, F(6) is a function
of direction cnly, k = 2r/), and R is here the distance from the scatter-
ing center. For incident light polarized perpendicularly to the plane

of scattering

F(O) =4, 3 (18)
for parallel polarization

F(8) = 41, ; (19)
and for natural light

e S (20)

2




In general, the scattering has a polarizing effect upon the incident light,
independent of the original state of polarization. The degree of polariza-
tion of the scattered light is defined to be

Lo 1,
L B

P(8) = . (21)

A computer procedure, RRA-42, was written for the calculation of the
microscopic Mie parametric data discussed above., The quantities computed
by the code for a choice of x and m are the extinction efficiency (Equation 12),
the scattering efficiency (Equation 13), il’ 12, 13, and 14 (Equations 14-17),

il + 12

2
culations, a s bn’ Sl and 82 may also be printasd out by the code. A discus-

, and the polarization (Equation 21). The values used in the cal-

sion of some of the calculations performed using this code is given in Sec-
tion III. A program listing, sample input and output data, and utilization

instructions are presented in Section IV.

2.2 Integration over Aerosol Size Distributions

As stated previously, scattering of light in the atmosphere is effected
by aerosol concentrations containing particles of various radii. To obtain the
volume scattering function and the macroscopic scattering, absorption, and
extinction cross sections for a given aerosol particle size distribution
it will be necessary to integrate the microscopic scattering data given by

RRA-42 for a given index of refraction over the aerosol size distribution.

Consider a medium containing N particles per cm3 with the size distri-
bution of the particles characterized by the function n(r) such that

T max
N= [ oa(r)dr , (22)

r
min
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where r and r are the minimum and maximum radii in the particle con-
min max
centration. The volume scattering cross section is thus obtained by the
expression
r
max

Asc(m,l) = r[ osc(m,A,r)n(r)dr , (23)

min

where Asc(m,x) is the volume scattering cross section (or attenuation coef-
ficient), Osc(m,l,r) are the microscopic cross sections defined in Equa-~
tion 11, and n(r) is the size distribution function. Since the computer
program RRA-42 calculates all of the microscopic parameters as a function

of the size parameter, x = kr, Equation 23 may be written in terms of the

efficiency factors defined in Equation 13 as

rmax 2
A (m)) = [ w® q (mr/Na(ndr . (24)

r
min

Likewise the volume extinction cross section is written

T max 2
Aext(m,x) = f mr Qext(m,rlx)n(r)d: s (25)

r
min

The differential scattering cross section for photons is given by

49 6y « F(O) /K%

dw
since
o, =% | FE,0w (26)
"k solid
angle

where dw is the solid angle element and F(6,¢) is represented by either

i, + 1
iy 12 or _l_i__l , as indicated in Equations 18-20 for azimuthal symmetry.
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A macroscopic scattering function, Y(6,1), may thus be obtained from the
microscopic data for the differential scattering cross sections by the

following integration:

2 rmax
Y(0,)) = 2n/k° [ F(o,r/\)n(r)dr , (27)

r
min

where Y(6,)) will be called the macroscopic phase function and has units
cm ster_l. The volume scattering cross section may then be calculated
in a manner analogous to Equation 26:
180°
A (m,A) = 2r [ Y(8,\)sin6de . (28)
sc 0
The Y(6,)A) may be normalized by

P(6,1) = Y(G,A)/Asc(m,l) s (29)

where P(6,1) is now the normalized phase function for photons of wave-
length A. P(8,)) represents the probability per steradian of a photon
of wave length X being scatterecd in the direction 6. In the computer pro-
gram output this quantity is labeled the Differential Probability while

Y(8,A) is labeled the Phase Function.

Another value which is useful in considering the forward momentum
removed from the incident light beam (related to radiation pressure) is
the average value of cos® , where 6 is the scattering angle. This quan-

tity may be determined from the expression

180°
2nf  Y(8,))cos8sinede
-]
o0 = — . (30)
180°
2nf  Y(6,))sin0do
00




e
W

B
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or 180°
2n[ Y(8,\)cosBsin6de
00

) (31)

cosgb =
Asc(m,x)

The forward momentum removed is then proportional to

A - cosf A .
ext sc

For use in the LITE codes (Ref. 1), a cumulative scattering probabil~
ity is calculated which represents the probability of the photon being
scattered through an angle 8 that is equal to or less than some angle €°'.
This cumulative probability is defined at angles 8' corresponding to the
scattering angles at which the phase function and differential probability

are defined. This value, CP(8',m,A) is computed by the equation
e!
jo Y(6,2)sinodo (32)

180°
[ (e, )sinede
Oc

From this function the cosines of the scattering angle 8' are calculated

CP(8',m,)) =

for values of CP(6',m,\) at equally spaced intervals from O to 1.

Three different functions are generally used to represent aerosol
size distributions for varying atmospheric conditions. For contiuental
hazes, the envelope of the observed n(r) very often follows a power dis~

tribution of the form

n(r) = Ar "~ (33)
where v usually fall in the region from 2 to 4, depending upon the total
particle concentration. For larger particle concentrations, vtends toward
the smaller values. The quantity A is an explicit function of the particle

density whose value is dictated by relation 22. The macroscopic values

ra— - d i A i 0 S0 L AR o ey
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calculated using this size distribution is dJdependent upon the lower and
upper limits of r used in the integretion. However, in many cases, the
size distribution has a constant value at lower radii, while virtually no
particles appear below a certain radius. In order to closely represent
this distribution, Equation 33 may be altered to the form
n(r) = 0 rer
n(r) = constant r’ SrSr2

n(r) = Ar " (34)

r, Srir
2= "max °’

where r, is some intermediate radius. The particular distribution. obtained

when v = 4, r, = .1lp, and r = .03, nas been suggested by Deirmendjian

mir
(Ref. 4) to be representative of typical continental hazes of fairly low

turbidity. Deirmendjian has denoted this distribution model as "Haze C."

For hazes formed primarily by water spheres or by condensation nuclei
covered by a relatively thick water blanket, a size distribution of the
form

N(r) = Ar’exp(-Br®) (35)

is often used as a representation of the particle size distributions.
Deirmendjian (Ref. 4) has performed calculations for two distributions
of the type shown in Equation 35. The first, denoted "Haze M," was chosen
by Deirmendjian to represent a typical coastal haze with mode radius r =

ode
.05u. The Haze M distributions is expressed by

n{r) = Ar exp(-8.944r;5

) (36)
where A is dependent upon the number density. Another distribution of the

same form was chosen by Deirmendjian to describe a typical cuiulus cloud
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particle size distribution with mode radius o = 4y, and is given by

ode

n(r) = A r6 exp(=1l.5r) . (37)

A machine program, RRA-45, has been written for use in calculating
the quantities defined by Equations 24, 25, 27, 28, 29, 31 and 32. This
program may be used in integrating the microscopic values over size dis-
tributions of forms expressed by Equations 33, 34, 35 and of forms defined
by tabular data. Some of the computational results for various aerosol
models are discussed in Section III, Utilization instructions, a sample

problem, and the program listing are giver in Section V.
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II1. SELTCTED RESULTS

Several test problems were run on RRA-42 and RRA-45 before full-scale
data production was undertaken, using size parameters and indices of re-
fraction corresponding to those used by other investigators, thus allowing

a comparison of their results with the RRA-42 and RRA-45 calculations.

3.1 Microscopic Data

Using a refractive index of 1.315 -0.0143i, RRA-42 calculations were
performed for size parameters ranging from 0.25 to 15.0. The scattering
amplitudes, Sl’ for this refractive index and size parameter range have
been tabulated by Deirmendjian (Ref. 3) for scattering angles of 0° and
180°. Results calculated by RRA-42 are in exact agreement with these
values for the four significant figures tabulated by Deirmendjian. Values
of Sl and 82 at other angles and the extinction and scattering efficiencies
as computed by RRA-42 agree with graphical data presented in Deirmendjian's
report.

Penndorf (Ref. 5) has published tables of Mie coefficients for various
real refractive indices. A comparison of Penndorf's data with calculations
by RRA-42 shows agreement to five cr six significant figures in nearly all
cases. For large size parameters, some discrepancies were noted when
comparing Penndorf's calculations of a and bn for very large values of n
with similar results from RRA-42. Small discrepancies may also be noted
in some of the following comparisons for small size parameters. These

differences are believed to be due to the different methods used in termi-

nating the Mie series or to machine roundoff error.
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All of the infinite series used for the calculation of the amplitude
functions and efficiencies in RRA-42 were terminated either when

2 z
ja 1%+ I |

fi

o L

or when

n=1.2x+9,
as suggested by Deirmendjian in Reference 3. For small values of the size
parameter x, a variation in the criterion for terminating the series may
result in a difference in the values for the amplitude functions and
efficiencies, since a difference in nmax of 1 or 2 between two series of
only four or five terms may be significant. Also, when using recurrence
formulae for the calculation of Ay and bn’ as well as for L and T their
convergence properties depend upon the accuracy of all the preceding terms
of the series Thus, small "round off" errors made by the computer in the
initial terms will cause larger errors in the terms with large n. These
variations may be noted even when one particular problem is run on two
different types of computers, or when the series of arithmetic statements

used in the calculations varies slightly. However, investigation has
shown that recognizable variation in the values of a, and b occuc only

at those terms which contribute so little to the summation that the dis-
crepancy is virtually insignificant, Therefore, the sacrifice of com-
putational speed by the use of double or extended precision arithmetic by
the codes does not seem to be justified for most purposes. This is
especially true since the error introduced by numerical integration techni-
ques when integrating the Mie data over an arbitrary aerosol size dis-

tribution is much larger than these small variations.
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The extinction efficiency Qex for a size parameter of 30 and a real

t

index of refraction of 1.44 from three different calculations is shown

below.

Qext’ Extinction Efficiency
RRA-42 Penndorf (Ref. 5) Gumprecht-Sliepcevich (Ref. 6)
2.042650 2.0426 2.043

Calculations for size parameter: ranging from 0,10to 40 and for a refractive

index of 1.59 - 0.661 have been performed for comparison with similar re-

sults performed with an NBS code (Ref. 7). A comparison of the extinction

and scattering efficiencies for several size parameters in this size range

is shown in Table I.

Table I. Comparison of RRA-42 and NBS Code Results
X Efficiency RRA-42 NBS Code
*
0.1 Extinction 1.200272--01 1.20025373167-01
Scattering 7.073438--05 7.07385352983-05
1.0 Extinction 1.793323+00 1.7933235+00
Scattering 4,643367-01 4.6433718-01
5.0 Extinction 2.556082+00 2,5560821+00
Scattering 1.235118+00 1.2351177+400
10.0 Extinction 2.381907+00 2.3819072+00
Scattering 1.249081+00 1.2490814+00
20.0 Extinction 2.254031+00 2.2540314+00
Scattering 1,245271400 1.2452710+00
40,0 Extinction 2.165485+00 2.1654845+00
Scattering 1.232702+00 1.2327C21+00

* Read 1.200272-01 as 1.200272 x 10-.1
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Values obtained for other quantities (Sl’ 5 il, iz) show agreement to

2
either four or five significant digits.

In preparation for the analysis of light scattering by realistic
aerosol distributions, extensive data were produced for twe real indices
of refraction, 1.33 and 1.50. The index of 1.33, for liquid water at
visible wave lengths, was chosen for calculations involving cleuds, fogs
and water hazes. The index of 1.50 is believed to represent an average
index for continental hazes. RRA-42 calculations were performed for size
parameters ranging from .00l to 220. These data were stored on magnetic
tapes for use as library tapes for RRA-45. Figures 1 through 3 show the
extinction {and scattering, since there is no absorption with a real re-
fractive index) efficiency plotted as a function of the size parameter
for indices of refraction of 1.33 and 1.5. Penndorf's calculations for
size parameters less than 1.0 are compared in Fisure 1 with the RRA-42
data. The smootih curves in Figure 1 were drawn through the RRA-42 data.
For the larger size parameters, the RRA-42 values have been joined by
straight lines. It can be seen that it is possible that some of the
¢scillations have not been well defined, but an investigation of the
sensitivity during integration of the extinction efficiency to the coarse-
ness of the size parameter increment for larger values of % shows little
variation with changing x increment, within certain limits. However, the
effects of "holes" in the upper size parameter range upon the phase func-
tion for certain size distributions was not sufficiently studied before
the generation of the microscopic library tapes. The effect of this

lack of definition upon a cloud function will be noted later. Figures 2
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and 3 also show that in accordance with classical theory, the extinction

efficiency converges to 2 as X becomes large.

The effects of an imaginary part in the refractive index upon the
efficiency functions can be seen by a comparison of Figures 2 through 5,
where Figures 4 and 5 are plots of the limited data calculated for indices
1.315 - 0,1431 and 1.59 - 0.66i. The extinction efficiency curve is
smoothed somewhat by the addition of a sma’l amount of absorption with
the 1.315 - .01431 index. This smoothing affect is very pronounced with
the addition of strong absorption with the 1,59 - 0.66i index. This in-
dicates that the size parameter increment for x>10 may be increased as

the absorption increases without loss of accuracy for integration purposes.

In calculating the microscopic phase functions, il and 12,

tion arises as to the increment in scattering angle from 0° to 180°

the ques-

necessary to adequately describe these functions. For particles with
real index of refraction, the phase functions show oscillations appearing
with angular frequencies 180°/x. Assuming a minimum of three or four
points necessary to adequately describe each oscillation, the exact re-
presentation of phase functions from scattering by particles with sizes
extending up to x=300 becomes extremely unattractive., However, experi-
mental measurements of phase functions for various aerosol distributions
exhibit no numerous radical oscillations. Also, calculations show that
when the phase functions for given particle sizes are integrated over any
size distribution of extended width, the extreme oscillations noted in
the microscopic data are smoothed to varying degrees., The integration of
the phase function data shows less sensitivity to the angular increment

than to the slze parameter increment.

B s et
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On the basis of the angular increment found necessary to properly
describe the integrated phase functions, the micrcscopic data were com-
puted with three valudes of A8 or where 6 = 0°(1°)20°(2.5°)155°(1°)180°.
The forward-scattering and back-scattering peaks were deemed the more
sensitive to changes in the particle size distribution, hence the smaller
A6 in these regions. Also, much sharper peaks in the phase fu::tions are

found in these areas than in the intermediate angular range.

i +1
7 il and 12

for a few values of x, illustrating the effects of increasing the particle

Figures 6 through 13 show the phase functions

size. The latter figures show the smoothing effect of the imaginary part

of the refractive index upon the phase function and polarization. It can
i, +1
2

the shape of the phase function for Rayleigh scattering as the size para-

be seen from Figures 6 and 7 that the phase function, , approaches

meter decreases. For x =0.001 the phase function corresponds closely to

that predicted by Rayleigh scattering,

3.2 Macroscoplc Data

RRA-45 celculations have been performed using the three distributions
described by Equations 34, 36 znd 37 in addition to distributions of the
type shown in Equation 33 for y = 2, 2.5, 3, 3.5, and 4. Calculations
with the Haze C, Haze M and cloud dist:-ibutions were <one for real re-
fractive indices of 1.33 and 1.50 and for wave lengths of 0.30, (.45, 0.50,
0.65, and 0.70 microns in an attempt to describe the scattering for the
visible porition of the spectrum. The power law distributions of the form
expressed by Equation 41 were used in calculations for an index of re-

fraction of 1.50 and for the wave lengths listed above. All size
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distributions considered In this study were integrated over the size¢ range
r = 0.03u to 10u. Plots of the size distribution for Haze C, Haze M, and

the cloud model are shown in Figure 14,

Several preliminary test problems were run for comparison with simi-
lar results obtained by other investigators. One such problem duplicates
a calculation performed by Deirmendjian (Ref. 4) using the cloud distri-
bution., The size distribution given by n(r) = 2.373r6exp(—1.5r) for a
number density of 100 particles/cm3 was used with the microscopic cross
section data for a complex index of refraction of wm = 1,315 - 0.01421i to
compute the volume scattering, absorption and extinction coefficients and
the volume scattering function for light with a wave length of 5.30
microns. Figure 16 shows the calculated normalized phase function while
Figure 17 shows the cumulative scattering probability as defined in Equa-
tion 31. The printed output for this problem is given as sample problem

output in Section IV.

The curve in Figure 16 is in good agreement with the average value
of the graphical data for illiscand 12/Zscas given by Deirmendjian in
Reference 4 for the same size distribution and index of refraction. A
comparison of the extinction cross section and the albedo, which is de-

fined as the ratio & /I is shown below.
sc’ “ex

t’

RRA-45 Deirmendjian

B s 410-04(cm'1) 2.401-04 (em™ 1)
ext

Albedo 0.883 0.884
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The small differences seen between Deirmendjian's results and the RRA-45
calculations are probably due to the use of different integration schemes.
RRA-45 performs the integration of the cross-section data by fitting a
quadratic curve to three data points and integrating this curve analyti-
cally. Figures 18 and 19 show plots of the extinction cross section for
the Haze M, Haze C and cloud models and for the two refractive indi:es,
1.33 and 1.50, These values shown in the figures represent the cross
section for 100 particles per cm3 for the Haze M and cloud models and
2300 particles per cm3 for the Haze C model. As would be cxpected from
the white appearance of cumulus clouds, the extinction cross section for
the cloud 1is almost indeperdent of the wave length in the visible wave
lengths., The shape of the curve for the continental haze, Haze C, illus-
trates the predominance of red transmitted light, as observed with sun-~
light transmission through land hazes. The sunlight transmitted through

a Haze M type water haze should have a bluish-white appearance.

Figure 20 shows the extinction cross section plotted as a function
of wave length for thu five power-law distributions. The total particle
density was taken to be 2300 cm-3. Upper and lower bounds for the particle
radius were taken to be 10p and .03y ir all five cases. The refractive

index was 1.50.

The Haze M and cloud model size distribution curves decrease very
rapidly as the radius increases, so that the integrals over these distri-
butions are fairly insensitive to the upper bound, as long z2s this upper
bound is fairly large in comparison with the ~-.de radius. However, the

power-law distributions, including the Haze C distributions, exhibit
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varying degrees of dependence upon the upper bound of the integrel. The
dependence of the integrals on the value of the lcwer bound is not as large
as the dependence on the value of the upper bound. Figure 21 shows the
dependence of the extinction coefficient on both the upper bound of the
particle radius and v for the r " size distributions when A = .30u. The
particle density for the values shown is 2300 cm-s. The lower curve was
obtained by integrat .ng up to 6u, while the upper curve was calculated

with an upper bound of 10u. It can be seen that only for v = 4 is the

integration insensitive to any degree to the upper bound for r > 6 microns.

As was stated earlier, the size of the integration increment for the
size parameter, when integrating over the microscopic data, shows a greater
effect upon the phase function or volume scattering function than .it does
upon the scattering and extinction cross sections. Original investigations
to determine the increment in the size parameter to be used when generating
the basic Mie data with RRA-42 were undeitaken with the principal parameters
studied belng the cross sections. This led to a somewhat larger increment
than was warranted for the phase function calculations. This was overlooked
in the preliminary calculations since these first calculations involved the
Haze C model. This model exhibited good definition in the phase function,
since most of the size parameters used in the integrations are small with
this model, and the microscopic phase functions are all fairly similar and
smooth. The effect of this lack of definition may be noted for the extreme
case shown in Figure 15. The calculated volume scattering function by
Deirmendjian (Ref. 4) was obtained by integrating over extremely small size

increments. The size parameter increment for the curve calculated by
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RRA- 45 was several times larger. Of course, some of the differences seen
in Figure 15 may be due to differences in the iIntegration methods used.

Also, the RRA~45 curve was evaluated at smaller angular increments. Some
elementary smoothing of the lower curve would produce good agreement with

Deirmendjian's calculations.

Table II contains the extinction coefficients for the eight size dis-~
tributions discussed; Haze M, Haze C, cloud and v = 2, 2.5, 3, 3.5, 4 and

for wave lengths 0.3, 0.45, 0.5, 0.65, and 0.70 microns.

A tabulation of the normalized phase functions for natural light, as

defined in Equation 28, is given in Table III.

Table IV shows the average cosine, as defined in Equation 30, for the

size distributions and wave leagths listed above.
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Table II. Macroscopic Extinction Cross Section for
Varicus Aerosol Particle Size Distributions

(cm-l/particle cm-3)

Iggex Aerosol Wsve Length (n)

Refraction Model 0.30 G.45 0.5C 0.65 0.70
1.5 Cloud 1.632-06* 1.651-06 1.658-06 1.676-06 1.679-06
15 Haze C  1.090-09 7.239-10 6.574-10 5.200-1G  4.891-10
1.5 Haze M 9,905-09 1.048-08 1.063-08 1.093-08 1.101-08
1.5 v =2.0 2.021-08 2.050-08 1.967-08 2.042-08 2.091-08
1.5 v =2.5 3.201-09 3.203-09 3.125-09 3.155-09 3.187-09
1.5 v=230 6.817-10 6.370-10 6.191-10 5.887-10 5.826-10
15 v=3.5 2,204-10 1.785-10 1.681-10 1.448-10 1.391-10
1.5 v=4,0 9.661-11 6.522-11 5.861-11 4.470-11 4.146-11
1.33 Cloud 1.649-06 1.669-06 1.677-0¢ 1.706-06 1.641-06
1.33 Haze C  7.739-10 5.091-10 4.600-10 3.621-10 3.386-10
1.33 Haze M 1 018-08 1.051-08 1.06 -08 1.063-08 1.054-08

Read 1.632-06 as 1.632 x 10°°
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NORMALLZFD VOLUMF SCATTERING FUNCTYION
INDEX OF RFFRACTION = 1.33
WAVELENGTH (MICRONS)

«30 «45 «50 «65
1e264F 02 3.269¢+ 02 2.653F 02 1-987F 02
1« 380F 07 l.442F 02 1.347F 02 1.054F 02
Y.811F 00 2.454F 01 2.711¢ 01 3.628E 01
3.747F 0O %« 302F 00 6.262F QG 1.008F 01
2.310F 00 2. T69F 00 2.892f 00 3.677F 00
le132F Ou le489F (0 1.582¢ 0O 1.872F 00
de381F-01 9. 507€~-01 1.023F 00 1.211F 00
9. 150¢F-01 Y. 912F=01 9.917F-01 9. 960F-01
7.933F-01 8. 721+-01 Be T58F -C1 He 693F~-01
6.172¢-01 6. 791F-01 1. 074F-01 1.5485F-01
6. 189F-01 6. 60%F~01 6. 710F-01 6. 939F-01
HeelTF-01 5.637F~-01 5.813F-01 6he243F-01
5. 440F-01 Y¢672+-01 Y. 676F-01 S« 175€-01
4. 409F-01 2« 19Y4F-01 5. 250F-01 e $648£-01
5.051F-01 4o HO1H-01 4. HT12F-01 4.993F-01
4.217F-01 4.526F-01 4. 5b1F-01 4.673F-01
4.261F-01 4e 7 38r-01 4.7248F-01 4. 215€-01
3. 755F-01 3. 8475+-01 3.846E-01 34.900e-01
4. 586F-01 3e H99F =01 3.994F-01 3.651F-01
3e4l8t-01 3. 392+-01 3. 398F-01 3.521F=-01
3.510-C1 e 724F-01 3.756F-01 3.410F-01
2.1 49F=01 2.235F-01 24 1496F-01 leB847+-01
lesl2+-01 1. 797¢-01 1. 795F=-01 l.836£-01
le938F-01 le567F-01 1.571F=-01 1.578F=-01
lel91F-01 l.285F-D1 1. 406F-01 1.322¢-01
lal5uF=(1 le 189¢-01 l. 183F-01 1.167F-01
J.613=-012 Y. 8729+ =02 9. H00OF-02 9. 702F-02
1o 449F=(2 Te4499F-0) leb17F-02 He 7 345:-02
T8 368F=-07 heS41F-02 6.27234+-02 5. H34F~02
5.026F~-0Q/ 4. 94 k=02 S« OH4E~-02 55645F-02
4.403F-07 4e J00OF-0? 4e 3153F-07 4e@12F-02
1.531e -0/ Yo 562F =02 3.589F-02 3. 696F-02
PR Y1 L 2« 106F-02 2.1770F-02 2.949t-02
2 LISF-0/ 2e294F =02 2e 289t =02 2.406F-02
le617t-02 loH20F-02 leHXGF =02 2.001F-02
le467F-07 1.570+-02 1.925+-02 1.395F-02
l.144F=-02 le478F-02 1e562F-02 le 7676-02
9.010F-0% 1. 036F =07 1. 0776-02 1.107F=02
1.433F-014 He l66F-03 He 344F-01) 9. 019F-03
6e204F-014 6. 863F-03 1.06it-03 7.7T16F-03
4.943%F-03 5. %30F-03 5.723F-03 6. 204F~-03
3.943F~-03% 4.5R0F-03 4. 768F-03 5¢331F-03
4e 1 73+-03 3.676F-01% 3.883F-03 4.529E~013
2.933F-014 3.543F~-01 3.721F-03 4.197F-03
2«319F-014 2.155+-03 2.891F-03 3.309F-03
2.030F-013 Z2.300r-03 2.447t-013 3.006€-03
1.4786-0 1.576t-03 Ze139F-03 7 .040F-03
l.436F-(C4 1. T57¢~-03 1. 731¢-03 '.825F-03

cLaoun

MOOEL

<70

1.343F 02
9.270¢ 01
3.411F 01
9.596€ 00
3. 705F 00
2.290F 00
le 664+ 00
1. 279¢ 00
1.032F 00
8.528F-01
T« 353F =01
6.561F-01
5.899F-01
S5.453F-01
5.026F-01
4.691F~-01
Q. ‘)JOF‘OI
4.286F-01
3.977€-01
3. 900F~-01
3.AT6E-01
2.135F-01
3.9717¢F-01
1.832F~-01
1.958F =01
le635F-01
1 395F-01
1.210F-01
1. 01GF-01
8.084F-07
TeQ78F~-07
5¢513F-02
4. fquF'O?
3.893F-02
1. 066F =02
2.585F~-02
2.126F=02
1.399F=~02
1. 886€E~07
1.154F-02
l.006E~-22
8.083-013
6.750F-03
5.89!'F- 01
5.049F-03
4.1 l(‘lF‘O’
31.892F-02
3.28485-013
2.734F-013
1.874F~-03




TABLE Il1-A,

SCATTERLING
ANGL £

(deg)

95%.0

97.5
100.0
102.%
105%.0
107.5
110.0
112.%
11%.0
117.%
120.0
122.%
125.0
1271.5
130.0
132.%
135.0
137.%
140.0
142.5
194%.0
147.5
150.0
1572.5
15%.0
156.0
157.0
158.0
159.0
160.0
iol.0
162.0
1630
166.0
165.0
1660
1ol.0
l1oh()
169.0
170.0
171.0
172.0
173.0
1764.0
175.0
' lh.l)
177.0
17d.0
Jddet)

48

NORMALLZ2EGC VOLUMF SCATTERING FUNCTION :
INDEX OF REFRALTION = 1,33
WAVELENGTH (MICRONS)

«30 45 « 50 «65
1.207¢-03 l.678F-013 le836F~03 2.215F-01%
1.2726-03 1.578+-03 1.662F-03 1.890+-03
1. 155F-03 1.595F~0143 1.725F-014 200403
1. 161F~03 1.556€~03 le636F-03 1.720¢£-03
l.§l3F-O1 le 6646F-03 1.6725‘0, 1.831F-03
1.7288F-03 1.303+-03 1.339¢-03 le4H6F-03
le914F-03 le616F-03 le6736-03 l1.918F-03
1.633-03 1e T92E=~03 1.857+-03 2+102+-03
le@74F-014 l.879+-03 2.067F-013 2.5319¢-013
2.065+-03 2¢ 3H8F-03 2.387F-03 2.417F-03
2.632r-013 2. 11 T+-013 2.716F-03 2. 1H4F=-01
3.437t-03 3. 443+-03 3.375-01% 3.159F-013
3.329¢-013 3.7285+-03 3. I9HF-03 3. 785F-03
3.451F-03 3.4l3F-03 3.5%7F-03 3.H493F-01
3.5725-03 4e?244F-03 4.445F-013 9. 115F-03
4. 6R4F-03 S5 628+-013 5. 745F-03 5.997F-03
8. 000F-C3 9.4 78F-03 . HE6F-03 1.081F=02
1.659F-02 1. 90F-02 1e455t-02 le377E-02
2.299€-02 1.962F-02 leB9HF =02 l.670F-02
1. 845¢-072 1. 850+--02 le H30F-02 1. T7T6F-02
1. 158F-02 1. 689F~-02 l.808F-02 2.016F-02
1.07TF- 07 1. 013F-02 1.023F-02 1.101F=-02
14 095F-02 1. 090F~02 1.093F-02 lel43F-02
9.471+-03 Y.929+-03 G« 9507¢+-03 9.6 70F-03
8o T4 8F-03 9. TInF-03 1. 006F-02 1.089F-02
9., TH52F-03 9.357F-03 9. 138F-013 He HOESF-0)
8. 0lBF-03 He 304F-03 Be 46 BF-02? 8.806F-03
8.939F~-03 9e690F-014 Ye HTLF-03 1.051F-02
1.983F~03 8.993~03 Y.462F-03 1.100F=-02
B.592F-03 B H4O0F=-0)3 9. 034F-03 1.Q32F-02
1. 8TOF-C3 R 599F-03 de T74+-03 9.437F-013
7. 589¢+-03 8. 140F-03 Be 76 TF-013 He5T1E-03
T.836F-03 Be 651F-013 He B6OE-03 Yo 389F-03
1.762+-03 Be 583F-03 9.034F-0? 1.003F-02
1.514E-03 8.311F-013 8.5H4F-013 Y9.354F-03
T. 852F-03 8. 503+-03 Re b4 F-03 9. 009F-03
1.503F-03 8. 150+-07% 8.380F-013 Y4 160E-03
6o H64H-03 le 666F-03 Be 194F-03 9. 759F-03
He 7239¢-03 9. 0RKF-~013 Yebh&F-013 1. 082F-02
1.082F--03 9,284£-03 9. H88+-03 1. 160F-02
1. 751F-03 8. 971F~03 9.471F-03 1.122F-02
1.339¢+-03 9. 1 4AF-03 Y.6386-013 1.128F-02
BeH4TF-03 1.028F=-02 1. U90F -02 1.309F-02
9. 123 -03 1< 137F-02 1.212€6-07 1. 520€-02
1.0145-07 1.2%28-02 le 395+-02 1. 787€E-02
1. 074E-02 1.632F-02 1 6096-02 2.247F-02
1. 362¢-07 2.001F=-02 2«?51F-0? 2. 160E-02
2. 1149F-02 2e 194F =02 2. 170F -0? 2.375¢-02
2.419r-07 le&18k-02 1e511F-02 1.432F-02
3. T60F-C? 2.568F-02 2.239F-02 leA13F=~-02

CLoud

MODEL

« 70

2.380F-013
1.975+-013
1.814F-013
1.781F-03
1.901F-G%
l.h?OF-Oi
2.0713-03
Z.bllF-(H
3. 400+-013
3.132F-03
3.498F-01%
4. 0L TF=D13
6.063F-01
9.232t-03
ToHBIHF-03
B.624F-03
1e421F-02
1.67T1F-02
1. B6HE-02
2. 159F-02
1.186F—0)
le 21YF=02
1.027T6-02
l.160E-132
9.508F-03
9.283£-03
l.lZQF‘O?
1. 158€6-07
1. 025F=-02
9.68TF-23
1.093F-02
1.012t-02
9.731F-03
1.C45F=-07
1.077T€-02
1.050F -02
1.041¢+-02
1. 234E-02
le 366F-07
1.393€-0?
l.434€E-07
lobl“F-O?
2.005F-02
2.600F-07
3.063E-02
7+504F-02
1. 738F-02?
?.?396-0?




TABLE 111-B,

SLATTFRING
ANGLF

(deg)

0.
1.0
240
3.0
4.0
5¢C
be 0
7.0
8.0
9.0
10.0
1l.0
12.0
13.0
l4.0
15.0
16.0
17.0
1d.0
19.0
20.0
22.5
7560
2T
0.0
32.5
1%.0
37.5
40.0
“7.5
~5,0
47.5
5060
925
5%.0
57.5
ho.n
6%.0
alsh
70.0
7?“5
75%.0
77.%
80,0
47245
H%.0
87.%
90«0
9?.5

NOKNKALI7FD VOLUMF SCATIFRING FUNCTILION:
TNDEX (F RFFRACTION = 1.50

« 30

1.7210F 0/
1.288F G2
1.082F 01
4.5 712F 0O
1.807F 00
Y. 579F-01
T.405F-01
6.27 3F-01
“.835F-01
4.6T3F-01
4.269F-01
4. 852F-01)
72«301F=01
S« 104t-0]
7+ 160F-01
3.245F-01
3.077F-Cl
2.83F--01
7+ 580F-01
2.618+-0Q1
7« 49F-01
2.3%6+-C1
l.831F-01
1.829F-01
le8l1E-01
l.568F-01
la432F-01
1. 299F~-01
lel67+-01
9. 825F-07
Hoe l08E~-0?
T.675¢=02
he?213H-02
5. 365F-02
3.221F=07
3.870K-0C2
3.491F-02
2. 128+-07
2:272+-02
?2.045F-02
1« 755+-07
le637F=-07
1.1072F=-02
l.068E-027
1« 042F-02
e 6364F~-03
1.083¢-02
7. TORF-03
6be 209F-03

WAVELENGTH (MICKONS)

. b

3.239F 02
1. 397F 02
Zelbar 01
S.17lF 00
2.370F 00
l« 430F 00
9. 092F-01
Teol7--01
5.6 44F-01
Se TOMK~-0]
4. “06“F -Ol
2. 197F=-01
e12¢=-01
%.912¢-01
2.40‘16F-0|
2.510F=-01
3.206F -1}
3.001F~01
2.697F-01
2.527F=01
2«3349F-01
l.886F-01
lo 8‘09F‘0l
1.841F=-01I
l.549¢-C1
le 41 8F-01
I.Z'ldf'-Ol
lelasF-01
9. 849E-02
He 786F-U?
14535F~02
He 285F =G/
4«817+-02
3.936+-02
3. 963F-02
3.336+-02
2.9725F=-07
2:372¢-02
?e.114F~02
1. 862¢-07
la 739¢-02
1. 270-0¢
lel62r-02
le?18F-07
1.201F=02
l.206F=02
fe144F-03
7.111F-03

49

« 50

2+ 630F 02
ledlne 02
2.557t 01
S«Y(02€ 00
2¢5%4F 00
le @52F 00
Y« 805F-01
1. 808F-01
6. 064F-01
6.023F=-01
%o le2t-01
le 930F-001
6e lU1E-0]
deBTHF =01
2.260k-01
3.076F-01
3.029F-01
2.777F=01
2e5986E-01
L. 915F-01
1.858F-01
1.d32F-01
1.52¢F-01
1.437F-01
1.239F-01
1.10F=-01
Ye. 76 7F-02
8e 397F-02
1«507TF-02
6e 370F-02
e 124F-02
4.490E-02
4.2686F-07
LY 00"”: -02
3.291F =07
3.0647F-02
?o 3".’F -07
2. 106F~02
le401F-02
le T48F-02
le311F-02
le 211F-02
le?266F-02
1. 208¢-02
o3& lF-013
70 ‘4?*“0%

«6%

1.870+ 02
1.032F 02
1.418F 0!l
9.045F 00
3. 295%F U
l.817F 00
le244F 00
90‘0}6F‘01
7.173F-01
S5.093-01
?.986F-01
?.OPEF-Ol
4.H9TF-01
6.962F-01
4.073€6-01
?2.094F-01
2+.3Q91F-01
2.899F=-01
2.984F-01
2.411r-01
2.609F-01
2.217TF-01
1. 968F-01
leB1TF=-tig
l.47hF-Ol
lad 4601
lezaIF-01
leu3lF-01
9.300F-02
8.502F-02
T1.52TF-02
6.376F-02
6. O0T9F-02
3.928F-02
5.107¢-02
4.053%-02
3.2T4F-02
3.361£-02
2.4 T4F-02
7.088F=-02
2.009F-07
l.798F-02
1.390F-02
1«369F-027
1l.2778-02
le354F-02
1l.208+-02
Bs716F-0)

CLWwun

MODEL

« 70

1.353% 02
Y.412F 21
3.557?¢ 0}
l.034+ 01l
3, TelF 00
2.042F Q0
1.393F 00
1.024t 00
1.522F-01
¢ 3T60E-01
2.6%2F-01
2.117F-n1
‘Jo OZBF-Ul
6e595F-01
4. 272F~-01
?o H(H—-Ol
247249F-01
2.844F-01
2.839F-01
2.789E-01
2.670F-01
2¢3725F-01
2+ 146F-01
1.950F-01
1.780&-01
le478F-01
1. 193F-01
le 1O6F -1
1.0647¢-01
Ye4T6F-02
Re53YF-02
T.3564-02
6.908:-02
. 1Y ?79?'«’)2
i.861F-02
5 219F =07
4.0172E=D7
3.366F-0"
;o““l"‘“?
2+534F-02
2.121+-02
2.049F-07
l.640F-037
leaC iF-02
le 320+-07
1.063~02
1. 050F-02
8.971&-03
8.317F-03




TABLE 11- 8,

SCATTERING
ANGL ¢

(deg)

95,0
97.5
100.0
102.5
105.0
107.5
110.0
112.5
115.0
117.%
120.0
122.5
125.0
127.5
130.0
1372.5
135%.0
147.5
14040
l“?.‘,
145.0
l“'."
150.0
1872.5%
19%.0
19%0.0
157.0
158.0
199.U
160.0
1610
la?.0)
164,0
leé.0
1n9.0
lo6. 0
1alol)
16d.0
169.0
170.0
171.0
172.0
173.0
174.0
17%.0
l?b.o
177.0
178.0
179.0
180.0

NORMALLZED VOLUME SCATTERING FUNCTION:
OF REFRACTION = |,.50

« 30

4.638F-03
4.601F-013
3.7285%F-03
2.620F-03
2.5H9¢€-(C3
3.326F-03
?2.244F-03
2.9572¢-0%
2.4272¢-013
2.7T17F=-03
2.107t-03
1.975F-04
1.788F=-03
2e945F-04
2.014F-13
2.650F-03%
?2-.181F-C?
2e385t-0G3
2. 159F-014
3o 093F-03
9. 3158F-C3
1o 241+-07
?2e 3472F =02
3.63F-02
92.593F=07
6.819F=-02
7.871F-0,
be 3G9F-02
4. 153F=-02
k.l95F-0?
3.614F-02
1. 931F--02
bo 706F~ 02
6.576F‘(‘?
4eH41F=-0/7
4¢510¢r-02
S« 030F-0?
4.54VF=-02
9e 1H2F=07
6. 087F-07
6. B824F-07
He 1 BIF =07
8. 688F-0?
1.188F=01
2. 064F=01
3. 00601
6.75“F-0}

INDFEX

WAVELENGTH (MICRONS)

«%5

2. 653E-03
5¢%07F-03
1e934F-01
3.135-03
?.BQQF-O‘
3 293E-03
3.011F=-03
2. T81F=-03
3.‘06?‘03
2.864F-03
?2.906F-03
?2.503-03
2.361F=-03
2.121+-0%
1.972F-03
?.3]95-0%
7.3?6F-01
3.4G1F-03
2¢5726F-03
2.7 6r-03
2.6 1F=-0%
1.383F-01%
4.269F-03
0e927F-014
I.bS%r'OZ
26 520F=07
4. 346TH-07
k.?Q?F-U?
Ye8652F-02
’oO‘.F‘O?
OebatF=t)?
S«713F=-02
4e?2?725¥-07
4. 073 -02
A T14F-02
4o YJOBKF~02
4.660F=-02
4. 1720F-02
5.?74F-0?
b 96QF-0?
S«B12F-02
6. 307F-02
6.933-02
He663F~02
1.062F-01
1e553F-01
2e410F=01
le195+-01
4.7l7t-07

50

« 50

5.830F-013
5¢531F~03
4e134E-03
3.23%48F=-03
31.005F-03
3. 201F-03
3. 306F-03
2.851F=-03
3.35ut~03
?2.966F=-03
3. 001F-03
2053 =03
2.4408+-019
)o/lﬁf‘ﬂ‘
2.115F=03%
2.354F-03
2¢357F-03
3.556F-03
7. T40F=-03
2.7T33F-013
2. 664F~03
3. 359F-03
4o T20F=-03
1. 792F-02
2. 964F-02
3.270F-02
4o SHYF-02
5+H526F=02
6o TB@H=(?
ho“89F-07
5.9““F‘07
6o 025F=-02
4.539F-07
4.240F=02
3. 135F=02
4.171F=-0?
4.40F-(2
4. 162F=-02
S 222507
9. § T4F=02
9« 968F-02
bo}97F-U?
Te116e=02
de 96 T7F =02
1.146F=01
le 690F-01
2.212F=01
9. 060F=02?
4.434F-02

«65

6.027¢-03
5e902F-013
3.472F+-013
1.483F-)
3.7255F-03
3.872F-01
3.l‘OIF'03
3.962F-03
3.0772¢-03
3.119F-03
29T3F-03
?.b?OF-OS
2.413F-013
2.566+-03
?2.608-03
2. 465F-01
3.H36F-013
3. 330F-03
2.903F-03
2.962F-013
6. 18F=-03
Je384F-01
2. 108F=02
2.985F=02
3. 064F-0)2
4.143F-U?
9.379F=-02
he?26TF=-02
5e¢920t-02
Se842F-02
ha 491 F=02
S« 7729F~02
4. 847F=-02
1. 984F-02
4el45E-02
4.741F-02
4. T93F=-02
5.001F=02
5.575F-02
b.?lOP-O?
1.907F~0?
1. 049F-C1
1.457F=-01
1.871%€E~01
1.5985¢-01
4.782‘“07
3. T69F-Q2

cLOUO

MGOEL

«T0

S.842F-014
6.228F=-01
4.909¢-013
3.7IAF-0¥
3.885F-03
2.4851+ 03
3.84% 03
2.97- =014
I 312 =03
3.016F-03
2¢570F=-24%
2. 849F=-D13
2.671E-013
2+ 324+-03
2.603F-05
7.71“F-03
2. %70F-013
2.947F-03
3.109F=013
2.663c-13
4.557F-0%
9. 6968F-03
1. 006F-02
2.083 =07
265907
‘.?BQF-”?
4. 194F =07
5. 099F =07
S«T0 =07
6.397F-02
6?281F-02
50577"-0?
50625F-07
S5« UY2F=02
4.340F~D27
4.63HF-02
4. 187F=02
4.865F=07
6e?254F=072
T.905F=~07
1.030F-01
1.452F-01
1. 766F-0G1
l.30?F—Ol
3.917F-02
3. 369F-02

i b A Y. €
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TABLE I1I-C, NORMALIZtD VOLUME SCATTERING FUNCTIUN: HAZE M MODEL
INDEX OF HEFRACTION = 1,33

R N

SCATTERING
ANGLF WAVELENGTH (MICRUNS)
(deg) «30 .45 « 50 «65 .70
0. 2.266F Ol 1.012F 01 8¢ 494F 00 5.8%0F 00 5«135E 00
1.0 1.978e 01 9,524k 00 8. 084t 00 5.680E OV 5010 00
2.0 l.428F 01 8. 080E 00 7. 063F 00 5.228F 00 4.670F 00
3.0 9.728F 00 6.467F 00 5.851F 00 4.625F 00 4.204F 00
4.0 6.645%F 00 5.094F 00 4.153F 00 3.997¢ 00 3. 704E 00
5.0 4. 646F 00 4,037 00 3.862€ 00 3.419F 00 3.230F 00
6.0 3. 151€ wo 3.242¢ 00 3.163E 00 2.918F 00 2. 809F 00
7.0 2.%500E 00 2.643F 00 Z.618¢ 00 2.495€ 00 2.444+ 00
8.0 1.928¢F 00 2.184F 00 2.190€ 00 2.144F 00 2.130F 20
9.0 1« 536F 00 1.824F 00 1. 849F 00 1.855F 00 1. 862F 00
10.0 le 264F Ou l«538F 0C 1l.573F 00 l.618E 00 l.634F 00
11.0 1.070e 00 1.308¢t 00 1.348€ 00 l.421E 00 1. 439F 00
12.0 9. 301F-01 1.125F 00 l. 167F 00 1. 7258 00 le 274F 00
13.0 8.250F-01 9. 799¢-01 1. 022 00 1.121F 00 le 134F 00
14.0 Te424E-01 8.671F-01 9. 060E-01 1.005€ 00 1.016€ 00
15.0 6. T42F-C1 7.786F-01 8o 129F-01 9. 0406-01 Y. 143E-01
16.0 6.135F=0) 1. 065F-01 7. 360E-01 8.1536--01 8.266F~01
17.0 5.620F-01 6. 446F-01 6. 695€E-01 7.357F-01 7.498E-ul
18.0 5. 080F-01 5.881F-01 6.096F=-01 6.6 36E-01 6.814E-D1
19.0 4.501F-01 S5¢3496F-01 9¢540F-01 5.986E-01 6.199E-01
22.5 3.197€e-01 3.853F-01 4. 015F=-01 4e347E-01 4.522€-01
25.0 3.279F-01 3.352F=-01 3.416E-01) 3.575€e-01 3.691F-01
275 2.126t-01 2. 594F-01 2. 660E-01 2.844E-01 2.956E-01
30.0 2.005E-01 2.1 74F-01 2.225€E-01 2.372F-01 2.409E-01
32.5 l.841F=01 1. 854F-01 le 882F=01 le 998E~-01 1.991E-01
35.0 1.389€-01 1. 520E-01 le540£-01 1.619e-01 1«639E-01
37.5 l. 198F-01 1. 295¢-01 l. 310E-01 1. 747E-01 1.367F=-01
40.0 1« 095F-01 1.097E-01 1.107F=-01 l.146F=-01 1.145€E~-01
42.5 8.921F~-02 9. 189E-02 9.282€6-02 9.517E-02 9.599E-02
45.0 1. 162F=-02 7.916F=02 7. 950E-02 7.972E-02 8. 114E-02
7.5 6o BIGF-02 be.641F-02 6. 696F~-02 6.901E-02 6.863F-02
50.0 5.563F-02 5. THHE-02 5.804E-02 S.832E-02 5.870E-02
52.5 4o 560F-02 4. 899E-02 4.922F-02 4.926F-02 4. 994E-02
59,0 4. 109E-02 @« 181E-02 4. 209E-02 4.281E-02 4.279€E-02
57.5 3.625F-02 3. 708¢F-02 3. 709F=-02 3.697E-02 3. 713¢-02
60.0 2.840E-02 3. 115F=02 3.137F-02 3.141€-02 3. 189€-02
62.5 2. 562€-02 2.7220-02 2. T48E-02 2.18%E-02 2.197E-02
65.0 2.461F-02 2.511F=02 2.507E-02 2.480E-02 2.491F=-02
675 le 792E-02 2.086€-02 2.108€E-02 2.107€-02 2.152E-0?
70.0 1. 7T19F-02 le 834E-02 1.851F-02 1.877€-02 1.889F-02
17253 1. 557F~02 le 670F-07 1. 682F-02 1.685€-02 1.699E-02
75.0 le 254E-07 l. 480t-02 1.495F~-02 1.481E-02 1.520€-02
71.5 1. 179F-02 le 313F=-02 1.328F-02 1.342E-02 1.359¢-02
80.0 1.072:-02 le 187F-02 1. 202€E-02 1.213FE-02 1.230E-02
85.0 He 484F-03 9. 937E-03 1.005€-02 1.004E-02 1.028E-02
87.5 1.697¢-03 8, 904F-03 9.066F-03 9.229E-03 9.3956-03
90.M 7.335F-03 8. 385€ -03 8.518F-03 8.609¢-03 8.772E-03
Qe 6 240E-03 7.887F-013 8.010E-03 7.920E-03 8.224E-03




© e

TABLE 111-C,

NORMALIZFD VOLUME SCAYTERING FUNCTIUN:
INDFX OF REFRACTION = 1.33

SCATTERING

ANGLE

{deg) .30

95. G 6. 075¢-03
91.5 6.767F-0;
100.0 S«266F-03
102.5 5. 200F-01
105.0  S.629F-03
107.5 4.918F-03
ll0.0 ‘0910F'03
112.5 %.3481t-03
115.0 5«249F-03
117.5% S« 189F-013
l?0.0 b.lkSF-O%
|27.5 7.506F-0§
130.0 8.067F-03
132.9% 9. 300F-03
1315.0 1.180E-02
137.9 1.151F=C?
140.0 le¢ 336F-0)2
142.5 1.556t-07
145.0 1. 675F= 02
l“’.s 1.5??F-0?
120.0 1.600F-07
192.5 1. 5%0F-02
185.0 1. 560F-02
156.0 chOQF-07
157.0 1.521F=-02
158.0 le 6822¢-(2
159.0 1. 750F-02
lb0.0 l.ﬂ?kF-G?
161.0 l1.811F-02
162.0 1. 753F-02
164.0 1.725+-02
164.0 1. 753F- 02
165.0 1.833k-07
166.0 1.974€-02
167.0 2. 168F=-02
168.0 2+ 366F-02
169.0 2¢505F~02
170.0 2. 535F-02
171.0 2. 456t-02
172.0 2¢33%£-02
173.0 2.240F-02
l76.0 7.l90F-07
175.90 2.167F-02
176.0 2. 168t-02
177.0 2.208F-02
178.0 2+329€-0?
179.0 2.545F-02
180.0 2.694F—O(

ke S - ik 7% AR S

WAVFLENGTH (MICRONS)

45

Te?268F-03
6e9%4F-03
be 6TS5F=-03
60 342+--03
6. 1695E-03
6. 221F-03
5 905F-03
5. 899F-03
6.097F-03
6.215F-03
6. 488F-03
6.579F=-03
1 299F-03
7.638F-03
861 T7F-03
9.236F-01
9. 833£-03
le 1264F =02
1.231F=02
1.381+-02
le@81F-02
|.6?GE-0?
la©776-02
l. 507e-02
1.545F=-02
|.534F-0?
le 529¢-02
1. 542€6-02
1.972F-02
l.ble’OZ
|.671F-07
1. 730F-02
1. 785F-02
I.BQbF-O?
1.931F-02
2.03%F=02
2.151F=02
2+248F-02
2¢313E-0?
2 226F-02
2.?2T3F=-02
2¢152k-02
1.998F-0?
1. 869F-02
1.82 lF“O?
l. #96F-02
24 104F =02
2.910F-02
2¢ T13F--02
2.848F-0?

52

50

1.404E-03
7.071F~-03
6. TRBF-01
6. 459E-03
6. 285t~03
6. 301E-03
5.019E-03
5¢999E-03
6.170F=-03
6.781F-03
6.516F-03
6. 679F-03
7.213E-03
7. 600F-03
8.7296F-03
9.015+#~-03
Y.598F-01
|.084F-07
lolﬂbt'ﬂ?
lo;le‘U?
1. 403F =07
1« 375+=07
1.4272F-02
le46lF-02
1. S00F=(12
l.“qu'07
1.495%¢-02
1. 509F-02
1e938F=02
1.579F=-02
1.632F-02
le687F-02
le 741F=-02
1. 801F=-02
l.877F-02
I.QOHF-07
2.061F=-02
2.136F-07
2.178F-02
2.171£-02
2.104t-02
1.981E-02
1.8356-02
1. 717F-02
1.681F-02
1. 761F-02
le962F-02
?2¢245F=02
2.515£-02
?QO)QF-O?

.65

7-492F-03
T.246F-03
6.737F-01
6.511E-03
60 452F-03
6.170F-03
6.056F-03
6.112€6-03
6.111F=-03
6.177F-03
60439 =03
66529F--03
6.857TF=03
T« 332F=03
7.701F-03
He 298F =01
9.108E-03
9.%64E-03
|.061F-02
1.135%E-02
1. 196F=-02
1. 236F-02
1l.292F-02
1.328F-02
1.368F=-02
1.384F-02
le411F=-02
lo“ﬁ“F'“?
1. 506F-07
1.551F-02
1. 583F=02
1.603E-02
le623F=02
1.652F-02
1.633F~-02
1. 743F-02
l. 786F-02
1.807F=-02
1. 786F-02
1. 7T15F =02
|.006F-02
1. 476F-02
le 364F-07
1.296F=-02
14293F-02
1.360F-02
le 490E-02
1.652€E-02
1. 793F-02
1.849F-02

HAZF M MOGEL

« 70

T.6T0F-03
T1296F=-23
6.976F-03
6.666E-03
6.481F-03
6. 391F-03
6. 1972F-0D13
6.137¢-03
b 218F-03
he292F-03
6.424F-01)
66 9556F-013
6.891F-03
1.226F-03
1.687F-03%
8.159¢-03
8.660F-03
. 462F-I3
1.024€E-02
1. 134F-02
lel61F-02
1.176£-02
1. 219E-02
1s271F=02
1.316F-02
1.326F-02
1.3376-07
1.354F-072
1. 378€-02
le4l1F-02
lat&dF~-02
l.“aah-O?
loSZ?F‘G?
le567F=02
le609F-02
1.650F-02
l.681F-02
|.b‘~)6t-07
1.680F-02
1.631F-07
1.950E-02
1.4476-02
le 36%F =02
1.279E-02
1.277€-02
1o 156F-02
1.507F-02
1.693F=-0?
1.850F-02
1.912F-02
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TABLE 11i-D. NORMALI17EO VOLUME SCATTERING FUNCTION: HAZE M MONEL
INOEX OF REFRACTIUN = 1.50
SCATTERING
ANGLE WAVELENGTH (MICRONS )
(deg) «30 .45 <50 .65 .70
0. 2.201F Ol 1.010F Ol  H.304F 00 5.112F 00 4.542F 00
1.0  1.910F 01 9.497F 00 7.891E 00 4.955FE 00 4.424E 00
2.0 1.360F 01  4.030F 00 6.860F 00 4.536F 00 4.103E 00
3.0  9.157F 00 6.374E 00 5.629€ 00 3.980F 00 3.662F 30
4.0  6.20LF 00  4.943F 00  4.499F 0U  3.405F 00 3.187¢ 00
5.0 4.298F 00 3.8l16F 00 3.568E 00 2.878F 00 2.736E 00
6.0 3.049E 00 2.953E 00 2.830F 00 2.425F 00 2.336F 00
7.0 2.209F 00 2.303F 00 2.257F 00 2.048F 00 1.995F 00
8.0 1.646E 00 1.822F 00 1.827F 00 1.741F 00 1.710F 00
9.0  1.285F 00 1.473E 00 1.497F 00 1.496F 00 1.476E 00
10,0 1.063F 00 1.225F 00 1.257F 00 1.300F 00 1.2R6F 00
11.0 9.329F-01  1.047F 00 1.080F 00 1.139€ 00 1.130F 00
12.0 8.5156-01 9.1456-01 9.424E-01 1.005€ 00 1.000€ 00
13,0 7.586F-01 H.060F-01  H.285F-01 8.888F-01  8.899€-01
14.0  6.3176-01  T7.035F-01  7.281F-01  7.873F-01  7.950F-01
15.0  5.0556-01 6.132F-01  6.396E-01  6.996E-01  7.127F-01
16.0 4.162F-01 5.381F-01 5.651E-01 6.261E-01 6.416F-01
17.0  3.689E-01 4.803F-01 5.0596-01 5.6626-01 S.811€-01
18.0  3.493F-01 4.380F-01 4.605F-01 S5.176E-01  5.300£-01
19.0  3.399F-01 4.066F-01 4.253E-01 4.774E-01 4.866E-01
200  3.316F-01 3.808F-01  3.958E-U1  4.429E-01  4.490F-01
22.5 2.942F-01 3.1826-01  3.291F-01 3.702€-01  3.702€e-01
25.0 2.402F-01 2.624F-01 2.721F-01 3.082€-01  3.085¢-01
275 2.016F-01 2.262F-01 2.338E-01 2.594F-01 2.6306-01
3060 1.934E-01 2.021E-01 2.0756-01 2.251F-01 2.292€-01
32e%  1aT753E=01 1.775F-01  1.824E-01 1.943€-01  2.006F-01
35.0  1.365F-01 1.55TF-01 1.599€-01 1.642E-01 1.754F-01
37.5 1.251E-01 1.3686-01 1.403F-0i 1.¢456-01 1.533E-01
40.0 1.2196-01  1.2056-01 1.236E-01 1.2976-01  1.343€-01
42.5 9.803E-07 1.0756-01 1.097F-01 1.1286-01 1.179€-01
45.0 B8.656E-02 9.422F-02 9.6206-02 1.001E-01 1.0M3E-01
47.5 B.451F-02 8.37%€-07 8.547E-02 9.073E-02 9.113E-02
50.0 1.2686-02 1.668F-02 T.156E-07 8.C07€-02 8.110€-07
52.5 6.118F=02 6.68LE-02 6.794E-02 7.048E-02 7.166€-02
59,0 S5.725F=0?2 5.)86F-02 6.095€-02 e397E-02 6.408E-02
57.5 5.523E=02 5.591E-02 5.026E-07 5.739F~02 5.774E-02
60.0 4.211F=072 4.784F-07 4.874E-02 5.021E-02 S5.114€-02
62.5 4s166E=07 4.426E-02 4 4TcE~02 4.5TT6-02  4.613E-02
65.0 3.776F=072 3.930F-07 3.989E-02 46.156F-02 4.1&4E-02
675 3.339E=02 3.596E-02 3.646F-02 3.757E~02 3.766€-02
70.0 2.9066-02 3.2886-02 3.3286-02 3.371E-02 3.421€-02
72.5 2.655F-02 2.878E-02 2.936E-02 3.0556-02 3.075€E-02
75.0 2.539F=02 2.T04F-02 ?2.740€-0?2 2.813€E-02 2.825F-02
77.5 2.088F=07 2.426F-07 2.470E-02 2.529E-02 2.573€-02
RU.0 1.963F=02 2.190E-02 2.240FE-02 7.329E-02 2.359E-02
#2.5 1.9056=-02 2.075F-02 2.117€-02 2.701E-02 2.210F-02
895.0 1.6976-02 1.939F=07 1.976F-02 2.021F-07? 2.047€-02
87.5 1.506F=02 1.707F-02 1.742-02 1.800€-02 1.823E-02
90.0 1.327€=02 1.461F=07 1.501F=-02 1.599E-02 1.604€-02
92.5 1.150F=02 1.3426-07 1.378F-02 1.449€-02 1.480E-0?




TABLE {11-D,

SCATTERING
ANGLE

(deg)

95.0

97.5
100.0
102.5
105.0
137.%
110.0
112.5
ll‘)ou
117.%
120.0
122.5
125.0
127.5
130.0
132.5%
135.0
137.5
140.0
142.5
145.0
1471.5
150.0
1592.5
195.0
15640
157.0
158.0
159.0
160.0
lol.C
167.0
163.0
164.0
165.0
166.C
167.0
168.0
16%.0
170.0
171.0
172.0
173.0
1714.0
175.0
176.0
177.0
178.0
179.0
180.0

oA s« s

NORMALIZ2ED VOLUME

«30

1. 083F~02
1. 137F=-02
1.0186-02
9. 645+-04
902‘6t'0‘
7.837F-03
7.075¢-03
Tee74£-03
Te 344E-03
6.591F-03
6.7170F-03
6o 7628-03
6. 194F-03
bHo 004F°0'5
T.062F-03
T.519F-04%
70007F‘0’
Y. 132F-03
1. 036F-02
1.076t-02
1.363-07
le T45F-02
2.114F-07
70*56F-0)
3.217F-02
3. 560F-02?
30904*‘07
4e254F-02
4.621F-02
40 904F - 02
5¢3476-02
S« 646F -07
5. 718F-02
S« 143F-02
e 946F =02
6. 252F-07
50“575-07
6.588F-02
6o T49F-02
6e933--02
10‘“6F‘07
Te4lTF-02
Tebl14F--07
’.“QQF-OI
6e914F~-02
5. H36F-0?
6.025F-02

WAVELENGTH (MICRONS)

b5

1. 294F-02
L.317F-02
1.236F-02
le 158F-02
1. 069F-02
9.176F‘03
8.5?IF-03
R.473E-03
8.3756-03
8. 395+-0%
8. 531F-03
B.%43F-03
8.479F-03
8.478E-03
He40IF-03
R. 737F-03
1.023F-02
1.146F-02
1.?83F-02
l. 410F-02
lab6ltF=-02
2.024F-Q2
70“79*'07
3. 030F-02
3.7291F-02
3. 539F-02
3. 780€-02
4.0)28F-02
4e?287F~02
4e 934F=-02
4. T40F-02
4. 900F-02
5. 03 3F-02
5. 152F-02
9.271t-02
5. 403F-02
5.528F-02
S5.604F-02
S« 656£-02
S.737F=-02
5. Re 8F-02
5.962F=-02
6.037F-02
6.014F-02
Se401F-02
6.000F-02
6.216F=-02
6be.365F-12

54

SCATTERING FUNCTION :
INDEX OF REFRaALTIUN » 1,50

« 50

1.337F-02
1.3%3%F-02
1. 2T8E-02
1.196F=02
l.lOlF-OZ
%.576F-03
8.889€-013
8.198F‘0;
8.7“15‘0;
H. AOHE-03
8.970F-03
9.001F-03
He ¥52F=-013
B.4546F-03
H.913F-013
90?5"5-03
9.970¢-03
1.083F=-02
1.208F=02
1.347F-02
Le483F-02
1. 727F~-02
2.078F-02
72.416F=-02
3.035F=-02
3.507F=-02
3.730F=-02
3.954F-02
4.182F=-02
4. 398F=-02
4.581F-02
40 B45F-02
9%.053F=-02
5. 162F=02
9. 262F-02
5.327F-02
5. 376F=-02
S5¢ 439F =02
Y. 528+-02
S.697¢~-02
5.1“0F‘02
S.7856=-02
S.841F=-02
5e237F-02
6.373F-02

<65

1.420F-02
le417€-02
1.349F=-02
l.?bSE-OZ
l.165E-02
1.049E-02
9. 707F-03
9.593F-03
9.“l?F'03
9.5975F=-03
9.821F-03
1. 000F-02
1. 000F-02
1.023F-02
1.050F~-02
1.0885-0?
1.133)E-02
1.185F=-02
1.306F-02
IQ‘SQF-O?
1.633F-02
1. 209F-02
2.231€-02
205"3E-07
3.053F-02
3.254F-02
3.445F=-02
3.620F-02
3, 7715F-02
3.906F’02
4.025F=-02
4o 146F=-02
4e2 106-02
4o 380F-02
2eb664F~02
4.~ 32F-0?
4.602F-02
4e675F=02
4., 737F-02
4. 7836-02
4.821F=-02
4.926+-02
$.027F-02
5011'F“02
5.372F=-02
S5.612F-02
5.890F-02
6.143E~-02
6.249F-02

- o — — Y 5 sy

HAZE M MOODEL

.70

le441F-02
1.431F-02
1. 367F-02
1.279¢-02
lol'hE‘O’
1.061F=02
9.912F-03
9. 704F-013
9.707F-03
9.861F=-01
1.007F=-02
1. 016F~-02
1. 018F=02
1.020F-02
1.029€E-02
1.067F-02
1«139¢F-02
IOZBSF-O?
1. 358F-02
le 496F~0?
le644E-02
1.860€-02
2. 155F-02
2.498€£-02
2.919€E-02
3.095%F =02
3.263E-02
3.422F-02
3.57?F-n7
3.711F=-02
3. 834F-07
3.939F-02
4.021€E-02
4.085F-02
4.135F-02
4.1816-02
4.226F-02
4,26HF-02
%.306F~-02
4.349E-02
. %07F-D2
4o488F-02
“QSQbF-O?
4. 136F=D2
©.910F-02
S« 119F-02
5S¢ 369E-02
S.643E-07
S.875F-02
5.9A9F-02




TABLE iH-E, NOKMALLZFD VOLUME SCATTFRING FUNCTION @

INOEX OF *REFRACTION = 1.33

HAZF C MODFL

SCATTERING

ANGL F WAVELFNGTH (MICRONS )
(deg) «30 .65 «50 .65 .70
Oe 1.006F OV 6.468F 00 5.936F 09 65.564F 00 5,226F 00
1.0 1. 819F 00 %¢ T06F 00 6. 320F 00 6. 2217F 00 4.884F 00
2.0 4.893F 00  4.219F 00 4. 0%3F 00 4.231E 00 4.070€ 00
3.0 3.551F 00 3.123 00 3.030F 00 3.2%4F 00 3, 209F On
4.0 2.816F 00 2.536F 00 2.452E 00 2.586F 00 2.567F 90
5.0 2.350F O 2.161F 00 2.09TF 00 2.167F 00 ?2.150F 00
6.0 2.018F CO 1.888F 00 1.834€ 00 1.872€ 00 i.860E 20
7.0 1. 777F 00 l.a81F 00 1.633F 00 l.648F 00 l.637F 20
H.0 l.586F 00 1.511F 00 1.469F 00 l.474€ 00 l.461F 00
9.0 1. 428F 00 1.367t 00 1.340F 90 1<331F 00 1.321€ 00
10.0 1. 299F 00 1.742F 00 1. 210F 00 1.211F 00 1.204F 40
11.0 1. 1BBF 00 1.133F 00 1. 104F 00 l.111F 00 l.103F 00
12.0 1.092F 00 1.038F 00 1.011F 00 1.023F 00 1.01%€ 20
14.0 1.007F 00 Y. 53IHE-01 9. 306F-01 Y.448E-01 9.376F-01
14,0 9. 306F-01 8.810F=-0) He 60HF~01 He T39F=01 8.685F-01
15.0 He 612F-01 8.1 T4F-01 7. 983F=01 A.1J1E-01 #.069¢ =01
16,0 1.972F =01 1.599¢F-01 Tee7T6-01 7.520F=-01 1.476F-01
17.0 7. 380F-01 7.072F-01 6.923F~-01 6.977F=-01 6.929F-01
18.0 6.829F-01 e 585:-01 6 449E-01 6+.459F-01 6.419F-01
19.0 6.7298F=-01 6.120£-01 9. 994F-01 5.975F=-01 5.947F-01
20.0 9 809F~01 5. 6T5F=-01 9. 964E-01 5.531F=01 %« 501F=-01
22.5 4.804F=01 4.694F-01 4e614F=-01 4,592F-01 %.571E-01
725.0 4.1 34F=01 4.0%0F-01 3,994F =01 3.965F-01 3.942E-01
27.5 3¢ 324F-Cl 3.313F=-01 3.274F=-01 3.27256=01 3.212F-01
310.0 2. B24F-01 7.811F-01 2. THHF =01 2.771F-01 2.763E-01
312.5 7.396F-01 2+ 384F-01 2.373E-01 2.372¢-01 72.363F-01
3940 l.982F-01 7« 009F=-01 7. 00RF-01 1.983F-01 1.979F-01
37.5 1a673-01 le 71 4F=-01 16 720F=-01 leb91F=-01 1.690F-01
40.0 l.424F=-01 l.463F-01 l.473F-01 1.458t-01 1« 457F=01
47.5 1. 196F=-01 1.2647-01 le 261€-01 l.243F-01 le 243F-01
45.0 1.0046F~01 1.077¢=-01 1. 094F =01 1.059E=-01 1.062F-01
47.% Ba6T2F=02 4.7201F=02 9. 398F =02 9. 266F =07 9.294F =07
500 1« 334F=-02 1.983F=-02 He 193€6-02 1.962F-02 1.996F-02
52.5 6. 2725E=-02 6.892F-02 1. 113F-02 6.873F-07 6e91RF=-02
‘)':.0 ‘)- 304F-07 5. 968F-02 6. IQ3E-02 6.0‘66-07 6.060"-\)?
575 4.621F=02 52 33F-02 Se @H6F=02 9.2 70E-02 65e3106F=072
60.0 3. ¥36F=02 4.547F-02 4. 76TF-02 4.576F-02 . 62TF =02
6le5 3. 478F=-02 . 983F =02 4, 197F=-02 4.043F-02 44 099F =02
65.0 3.032F=07 3. S06E-02 3.771-02 3,6226-02 3.610F=-02
67.5 2.5TIE-02 3. 104F=02 3.302F-02 3.145F-02 3, 195F=02
10,0  2.217F-C2 2. T%5F-02 2.946F-02 2.474F-02 24815F-02
17.5 7.013F=-02 2.462F-02 2.643F-02 2.535F=-02 2.585€6-02
75.0 l. 758F-02 2.198F-02 2.371F=-02 2.256E-02 2.304F=-02
17.% 1.575F=-C2 1.97CF=-02 2. 135F=02 2.046E-02 2.094E-02
800 l.4l0F-02 1. 777F-02 1.9336-02 1.857€-02 1.905E-02
82.5 1.258F-02 le 608F-02 1. 7156F~02 1.682F-02 1e729€-02
85.0 l.142€-02 le 468F =02 1.608t-02 1.545€-02 1.5916-02
87.5 1.038F=-02 1. 335€6-02 1.469E-n2 1,422E-02 l.468F-02
90.0 9.557F-03 le231E-02 1.358F-02 1.321€E-02 1.366F-22
92.% 8. T04F-03 1. 138F-02 1. 759E-02 1.220F-02 1.26%F-02




TABLE HiI-E,

SCATTERING
ANGLE

{deg)

95.0

97.5
100.0
102,5
105.0
107.5
110.0
112.5
115.0
117.5
120.0
122.5
12%.0
127.5
130.0
132.5
135.0
137.5
140.0
142.5
145.0
147.5
150.0
152.5
1%5.0
156.0
157.0
158.0
159.0
160.0
161.0
162.0
163.0
164.0
165.0
166.0
167.0
168.0
169.0
170.0
171.0
172.0
173.0
174.0
175.0
i76.0
177.0
178.0
179.0
10.0

NORMALTZFD VOLUME SCATTERING FUNCTION :
INDEX OF REFRACTION = 1.33

«30

8.139F-013
7. 710F-03
Tei®lF-03
be "7 2k-03
6.62?F‘03
6.269F-03
6.112F-03
6.070¢-03
5.9786-03
5. 928F-01%
6. 095F-03
6.073F-03
6. 288F -03
6. %52E-03
6.816£-03
T« 219F-0%
T 9768F=03
8.254F~-03
8.927F-03
9. 609F~-03
1. 015F-02
9. 985F-03
e 044F-()7
1. 062F-02
1. 097F-07
1.1136-07
1. 150F-02
1. 187F-02
1. 212F-02
1.221F-02
1. 270¢-02
1. 225F=-02
l.2 ;BF-OZ
1.256F-02?
1. 282F-C2
1. 3126-02
L. 338E-02
1. 350F-02
l1.336F-02
1.298F-02
1. 756F-02
1. 229t ~-02
an??F‘O?
llu 235F-02
ln 267F"0?
l-- 3l“F-0?
1.372%-02
1. 407F~=-02
1.455F-07

D e TR B L L

WAVELENGTH (MICRONS)

«45

1. 055F-02
9.875:-03
9.304F~03
8.786F-03
8.366E-03
8.078E-03
1.722¢-03
1.518F-03
Te412F-04
1.325¢F-03
T1.301F-03
1.251F-03
Te427:-03
7. 5(‘6!--03
T.77F-03
8.116F-03
He 365F-03
8.967F-03
9.382F-03
Y.998F-03
1. 051F-02
1.023F-02
1. 055F-02
1. G74F-07
1.108€-02
1.107F~02
1. 114F-02
1.129F-02
l.l65F-0?
1. 159F-02
1. 177F-02
1. 199F-02
1.212F-02
1. 226E-02
l. ?68F°07
1. 774€-02
1. 299F-02
1« 31 7F~-02
1.327F-02
1. 310F-02?
1. 317F~02
1.288F-02
1.29€E-02
lo ? 36:‘-02
1.240r-02
1. 280¢-02
1.351F-02
1.4i150-02
10“955‘0?
1. 542F=02

56

«50

1. 172F-02
1. 099€-02
1.037€-02
9.8‘7F‘0‘
9.363€-013
Y.043E-03
He 66 36"03
B8s435¢-03
8.305F-03
8.196E-03
8.15&-013
8. 093F-03
8. 24HE-03
8. ;l OE-O;
8.562F-03
8. 889E-03
9.120¢-03
9.703E-93
1.008F-02
1.0686-02
lolle‘O?
1.092€-02
1.122F-02
le142F-02
le 174F-02
1.1736~-02
1l 179F=02
1.194E-02
1.210£-02
lo 2?‘0‘;‘02
1.242€E-02
1.262F-02
1. 276€E-02
1.289E~-02
1.309F-02
1. 334F-02
1.358F-02
l«376F-02
1. 387F-02
1.388F-02
1.377€-02
1.315€E~-02
1.297€-02
1.301€E-062
l.342E-02
le 4CT7E-02
l.472¢-02
l.S#Q&—OZ
l059“9’07

«65

1. 145F-02
1.092F-02
1.024F-02
Ye 196F-0;
9.520F-03
9.107F-03
8. 485F-03
8. 776£-03
8.6‘005‘05
H.547F-03
He666F-03
Beb19E-03
8.409€-03
9.051F-03
9.273-03
Y. 634E-03
1.028F-02
1.049F-02
1.103F-02
1.171F-02
1.226F-02
1. 222F-02
1. 264E-02
1. 284F-02
1.317€E-02
1. 320F~-02
1. 335F-02
1. 367€-02
1. 403€~02
1.428F-02
lo“"E‘Q?
'.“;1F"0?
1. 443F-02
1.456E-02
1.472F-02
1.495€E~-02
1.525¢-02
1. 550F-02
1. 559€E-02
1.547E-02
1.512E-02
1.473E-02
1. 449€E-02
1. 439F-02
1.450E-02
1.483E-02
1.515-02
1.550¢-02
1.608E-02
1.643F-07

HAJE C MODEL

«70

1.193F-02
lel30E-02
1. 069F-02
1. 025F-02
. 974F=-03
90 565F -03
9.343F-23
9.239E-03
9.[09E’03
9.027E-03
9. 150F-013
9.111€-03
9.304F-03
9.544F-03
9. 7187F-03
1.016F-02
1. 079F-D2
1. 099F-02
1.155F-02
1. 222F-02
1. 274E-02
1.276F-02
1.318F~-02
1.340E-02
1.375F-02
1.378F-02
1.393£-02
l.#blE‘O?
l. 485F-02
le 494F-02
lo“qu-07
1. 499F-07
1.512e-02
1.531€-02
1.555+-02
1.583F-02
1.609¢-02
1.618¢-02
1.604x-02
1.971F-02
1.535F-02
1.507F-02
1.4948F-02
1.512F-02
1. 540F =02
1.566F-02
1.605F-02
1l.665F~-02
le697F=02

L ————— = ot o 4 g i e S




57

TABLE [11-F. NORMALIZED VOLUME SCATTERING FUNCTION : HAZE C MODDFL
INDEX OF RFFRACTION = 1.50
SCATTERING
ANGLE WAVELENGTH (MICRONS)
(deg) «30 65 «50 «65 «T0
O. T7.270€ 00 4.627€ 00 4.161E 00 3.811F 00 3.493- DO
l.0 5. 606E 00 4. 089F 00 3. T36E OO 3.513E 00 3.261F 0
2.0 3. 468E 00 3.034E 00 2.859E 00 2.837F 00 2.71% 00
3.0 2.525F 00 2.247¢ 0O 2.143€ 00 2.183F 00 2.142F 00
4.0. 2.016F 00 1.815€ 00 1.727€ 00 1.749E 00 1.728F 00
5.0 1 696F 00 1.533F 00 leaboE 00 1.685F 00 1.466F 20
6.0 1.469F 00 1. 326E 0O 1.270F 00 1.298E 00 1.283F 00
7.0 1.298r 00 1.172¢F 00 1.125F 00 1.151F 00 1.138F 00
8.0 1. 1&3F 00 1.051€ 00 1. 009F 00 1.036F 00 1.022F 00
9.0 1.659+ 00 9.534F-01 9. 164E-01 9.450F-01 9.332F=-01
10.4 Qe T44¢=01 8. 752F =01 8.421F-01 R.731E-01 8.638F-01
11.0 9.050F-01 8. 149F-01 T.861F=-01 8.167E-01 8.082F-01
12.0 $e519¢~01 1.678F-01L Te412F-01 T.688F-01 7. 604F =01
14.0 7. 380+-01 6. 733E-01 0.316F-01 6 7T156-01 6.6448F-01
15.0 6. 8720F-01 6.261F-01 6. 070E-01 6.233F-01 8. 175F=-01
160 6. 362F-01 5.866F-01 5.690+-01 5« 8196-01 5. 765F=21
17.0 5 9T70F-01 9.532€-01 9.373-01 Sebd6F-01 5.432¢-01
18.0 5.640F=-01 9 227E-01 5.087F-01 9 204F-01 5.152F-01
19.0 5¢336F-0C1 4e 9%4E-01 “. 825F=-0) %« 940E-01 4, 895¢ =01
20.0 5.051F-01 4. 704F-01 4.586F-01 4.687F-01 4.0647F-21
22.5 4. 38TF-01 4. 107F-01 4.019F-01 4.111F-01 4. 075¢=-01
?25.0 3.781F=-01 3.5d6&-01 3.523F-01 3.581¢€-01 3.954F-01
21.% 3.7269F-01 3.156F-01 3.110Ff-01 3.129€-01 3.10R8F-D1
10.0 2. 857F-01 2.796F-01 2. T64F-01 2.163F-01 2« 744F-01
32.5 2.479¢-01 2.468E-01 2.450t-01 2.428F-01 2.416F-01
31%.0 2.127¢-01 2.181F=-01 2.174+-01 2.112F-01 2.102F-01
37.5 1.853F-01 1.929F-01 1.931¢-01 1.865F=-01 1. 458¢€-01
40.0 l.628F-01 1. 7T06€-01 le 715F-01 1. 658€-01 1.655F=-01
42.5 l. 409 -01 1. 512E-01 1.525E-01 1.458F-01 1455F-01
©%5.0 1.232¢-01 1336E-01 1.356F-01 1.293F-01 1.292F-01
47.5 1.090F-01} le 182F-01 1. 204F-01 1.158¢-01 1.159F=01
50.0 9.521F-07 1.0%4F-01 1.078F-01 1.028€-01 1.030¢#-01
525 8e 336F-02 Qe 324F-02 9. 580F-02 9.138€E-02 9.162F=12
55.0 T.361+-02 He 266F =02 He 531F-02 8. 17TRF-02 B.214F=-02
575 6. 562t-02 T1.453F-02 7. 7T16F-02 71.375¢-02 1.413€-02
60.0 He TOGF-07 6. 58 IF-02 6.455E£-02 6+ 520F=-02 [T 1.X T e
62.5 S5.111F=07 5e 924F-02 6.183€E-02 95« 300F=-02 5. 995 1F-02
6%.0 2¢961F=-02 Ye 306+-02 95.558F-02 %« 330E-02 5.382F-02
679 4. 003F-07 4.T172E-02 5.016F-02 4. 808F-02 4. 858E-1)2
70.0 3.6725F-02 4.307F=-02 4.5641F-02 4.337F-02 e 392F-002
172.5 3. 764""0? 3.873“—0? ‘0.097“‘0? 3.9“1E-0? 3.994F=02
75.0 2. 966F-07 3. 526€-02 3.738¢-02 3.605F-02 3.699F-02
11.5 2.65HF-07 3.197c~-02 3.3197+-02 3. 267F~-02 3. 322F=002
82.5 2e240k=-02 2.672F-02 2.848F-02 2. 114E-02 2.H429F-02
845.0 2.046F=-02 2. 4044F—02 2.610F-02 ?2+5648F-07 2.603+=07
R7.5 1.858F- 02 2. 223F-02 24 379€-0? ?2+334F-02 2¢390E-02
90.0 1. 687F-0/ 2.017TF=02 2.166F=0? 2¢4142F-02 2¢19%F=07
972.5 1 555+-02 le 864F-02 2.003E-07 1.987F=02 2.045F=-02
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TABLE {II-F,

SCATTERING
ANGLE

(deg)

95.0

q?.s
100.0
102.5
115.0
107.5
110.0
112.5
115.0
117.9
120.0
122.5
125.0
127.9
130.0
142.5
14%.0
137.5
140.0
142.5
145.0
147.5
150.G
152.5
155.0
156.0
lq1.0
158.0
159.0
lbl.o
162.0
163.0
164.0
165.0
166.0
i67.0
169.0
170.0
171.0
172.0
173.0
174.0
175.0
176.0
177.0
178.0
179.0
180.0

NOKMALIZFD VOLUME SCATTERLING EUNCTION :
INDEX OF REERACTIUN = 1.50

«30

le @66+-02
1. 409F-02
Le328F-02
1la 255F=-07
le LBOF-07
l.ll?F‘O?
1.060t-02
l.033F-0?
le 024F=02
1. 010+-02
l.Ol’F-OZ
1 025¢~02
1.027F-02
1. 0645F-02
1. 062F =02
l. 086E- 02
1. 115¢-02
1. 150F=02
1. 215F=-02
1. 792E-02
1.373F-02
l.502F~0?
1.653F-02
1. 80T€-02
2.035F=-02
2.123€-02
2. 206F=-02
2.103F"07
2.392F-02
2¢460F-02
2.493F-02
2+540E-02
2.616t-02
2. 648+-02
?.658F-02
2¢663E-02
2. T14F~02
2.785F-02
72+« B40F-02
2.897F=-07
2.965F-02
3. 060c-02
3. L64F-02
3.304F~02
3. 460E-02
3.610F-02
3.683F-02
3.7721€-02
3.521E-02
3.5%4F~-02

L e ———— i AR el e 43 SEabG Y

WAVFLENGTH (MICRONS)

«4h

l.741--02
l.653F-02
1.551F-02
1. 455F-02
1. 368€-02
1.274.-02
1.213F-02
l.172€-02
le 143F-02
le L24F-02
lel14F-02
le 108F=-02
le L0 3F-02
1. 103E-02
l.lOQE‘O?
l.128£-02
le163F=-02
1«?07F-02
le 265+-02
1. 379€-02
1. 395F-02
1.494£-02
1.617¢-02
le I55F-02
le941E-02
2.020F-02
2.093¢-02
2.169F=0?
2.242F-07
2.313F-02
2.381E-02
2.427F-02
2. 456F-02
2.‘86F‘02
72+ 506F-02
2.926€E-02
2.565E-02
2+612E-02
2.6565-02
2. T01F-02
2. TT6E-02
2.87RF-02
2.981&-02
3.106E-02
3.219F-02
3.334E-02
3.408E-02
3.318E-02
3.265€-02
3. 304E-02

58

«50

1.871£-02
le 774E-02
1.665E-02
1.563E-02
1. 471F-0?
1. 374€-02
l« 308£-02
lo?b;E-O?
1.229€-02
1.207€-02
l. 194E--02
l. 184E~-02
le L76E-02
1. 1756-027
le178E-02
1. 195F-02
1s227F=-02
1. 268F-02
l0327E'0?
1.383E-02
le ¢ 45F-02
1.539¢-02
1.655E-02
1. 785F-02
1.962F-02
2.035F=-02
2. 105F-02
2.173¢-02
2.241E-02
2.312E-02
2.374E-02
2.418F£-02
2.447E-02
2.47T3E-02
2.496F-02
2.5[65-02
2&55|F-0?
2.598E-~02
2.636F-02
2.680F-02
2. 155e~-0?
2.844E~-02
2.966F-02
1.062€-02
3.163E-02
3. 284F-02
3.332¢-02
3. 241€E-02
3.213F-02
3.253E-02

<65

108135'0?
1.791F-02
1.692¢-02
1.603F-02
1:521F-02
1.437F-02
1. 376E-02
L.344F-02
1.321F-02
1.299F-02
l.298€-02
1+300F-02
1.298F=-02
1.310F-02
1« 325F-02
l.345F-02
1.370F=-02
1.402F-02
1.4606-02
l.SZBF-O?
le601F=-02
le 715€-02
1.849F=-02
1.982F-02
2.171F-02
2.242F-02
2.305¢-02
2.176E-02
2.451E-02
2.6915-07
2.525F-02
2.57‘E-07
24643E-0?
2690t--02
2.702F=02
2.712F=02
2.7151F=-02
2.8064E-02
2.850E-02
2.898F-02
7.956F-02
3.0326-02
3.126F~-02
3.228E-02
3.362F-02
3.486F-02
3.481E-02
3.398E~-02
30‘105-02
3.455€-02

o

HAZE C MOGEL

«70

1.931F-02
1.849E-02
L. 750F-0?
le661E-02
1.581E-02
1. 499€-02
l<438F-02
1. 407¢-02
1.385€E-07
l.364¢-02
le 364F-02
le367F-02
1.367€-02
1. 380E-02
1.396F~-02
le4l7€-02
le444F-02
l.476F-02
1.535&-02
1.605F-02
L.678F=02
1. 792E-02
l.92#€~02
2:055F-02
24243€-02
2+312€8-02
24375F-02
2.445€E-02
2.513E-02
2.560F-02
2.593€-02
2+639F-02
2.703-02
2.753F—0?
2.167F=032
2.TT6F=02
2.816E-02
2.8T4E-07
2.917¢-02
2.954E-12
3.016E-02
3.097€-02
3.178€-02
3.28‘E-02
3.429€-02
3.526E-02
3.497€-02
3.438E-02
3, 470€E-02
3.513€E~-02




TABILE I1-G,

SCATTFRING
ANGLF

(deg)

CX P WVMEINN=D
s 8 0 o6 0 0 0 &
SCO00O0D0OD0OOO

59

NORMALIZFD VOLUME SCATTERING FUNCTION :

30

5.926F 02
1.507F 01
5.52%F 00
2.872¢ 00
1.670¢ 00
l.175¢ 00
9.031F-01
6.797F-01
5S¢ T14F-01
4. 904F-01
4e 596F-01
3. 628E-01
S.681F-01
3. 565F-01
3.133F=01
?2.986€-01
2.835%F-01
?2.785€6-01
2. 0658F-01
2.4?27F-01
l. 998F-01
led 74F-01
1.825¢=-01
1. 578E-01
1. 499€-01
1. 335¢-01
le134F=-01
SeT48F-02
1.8'8“0?
6.4?20F-02
5.925F=02
4.925F-02
4.0726-0?
3. 939F-0?
3.595E-0?
3.089F-02
2.456F-02
72.186F-02
1.954F-02
1.783E-0?
1.283E-02
1.281F-02
le211E-02
1. 152€E-GC?
1. 1L02E-02
8.968£-03
1.675€E-03

WAVELFNGTH {MICRONS)

« 05

2.636F 02
l.061€E 02
l.878E 01
T.137F 00
3.654F 00
?2.243F 00
1.5348F 00
1. 064€ 00
8.071F-01
6. 366E-01
5. 541E-01
3.975F-01
4.439F-01
6.206E-01
3.471E-01
3.591F-01
3.034F-01
3. 146F-01
2.807F-01
2.987€-01
2. 1715¢-01
2.479F-01
2.213F-01
2.034F-01
1. 830-01
1.547F-01
1. 238F-01
l.125¢-01
le113E-01
9. 840F-02
8. 829F-02
1. 358F-02
he 91 6F-02
S« 946E-02
5.7 34F-02
4. 378F-02
4. 104F-0?
3.640E-02
3.257F-02
2.5317-02
2.361E-02
2.063F-02
1.894E-02
l. 469F-02
le 420F-02
1.278€-02
1.052F-02
1.190F-02
9.541F-03
8. 594F-03

«50

1. 949 02
2.919€ 01
2. 029 01
8.051F 00
3.959F 00
2.45%4E 00
1. 609F 00
1. 194F 00
8. 494E-01
6.619E-01
5.825F-01
3.860E-01
4e 954E-01
6.285€-01
3.766E-01
3.387€-01
3.336€-01
3,074E-01
2.966E£-01
2.879F-01
2.882F-01
2.529€E-01
2.196F=01
7. 039E-01
1.878E-01
1.562€-01
1.209E-01
1.105€-01
1.137¢-01
3.979F-02
8.672F-02
1.554E-02
6.98?6-02
5.959F-02
5.093E-0?
4.651F-02
3.986E-02
3.675F-0?
3.247F-02
2.629F~02
20 464F=07?
2. 096F=-02
1.949€-02
1.545E-02
le 429F=02
le 4DTF=02
1. 120F-02
le 176F-02
Y.682F-03
8. 800E-03

{NDFX OF REFRACTION = 1.50

«65

1.236E 02
8.042€ 01
2.465F 01
8.592F 00
be442F 00
2.636F 00
1.802F 00
1. 245F 00
8.970F-01
8¢ 130E~01
S5.865E-01
4«313E-01
5.878€6-01
6.859E-01
‘-6165“01
3.162F-01
3.363E-01
3.032€-01
2.927€~01
3.093E-01
2.861E-01
2.560E-01
?.152E-01
1.9376-01
l.878E-01
1.640F-01
1.436E-01
1.255E-01
1.139€E-01
9.700E-02
8. 726F-02
8-.057E-02
6.874€-02
5.937F-02
4e617E-02
S.066E~-02
3.904E-02
3.561F-02
3.334E-02
2.772F-02
2,4%52E-02
2.?781F=-02
?2.048E-02
l.6087-02
1.551F=02
1.506F-02
le6716-02
1. 305€-02
1.053E-02
9.2 386-0?

= 2.0

70

1119+ 02
71.603¢ 01
2.569€ 31
8.579¢ 00
4.593E 00
2.737€ 00
1.873F 00
l.234F 00
9.341F-01
8.279F-01
5.873F-01
4. 438E-01
6.039z-01
6.357€-01
4. 76TE-01
3.171€-01
3.328F-01
3.138E-01
2.906E-01
3.067E-01
2.925€E-01
2.627€-01
2.206F-01
l.961F-01
l.895Ff~01
1.656E-01
le445£-01
1.259€E-01
1. 145F=-01
9. 758E~02
8.772F-02
8.0586-02
6.807E-G2
5.852F-02
4.575F-02
5. 174E-02
3.954E-02
3.588F£-07
3.389€-07
2.768F-02
2.410F-02
20295€E~0?
2.090E-02
1.619¢-02
1.572E-02
1.545E-02
1.507&-02
1. 319€E-02
1.045E-02
9.159€-03




TABLE l11-G,

SCATTFRING
ANGLE

{deg)

95,0
97.5
100.0
102.5
105.0
107.5
110.0
112.5
11%.0
117.5
120, 0
122.5
125.0
121.5
130.0
142.5
13%.0
137.5
10.0
1a2.%
145.0
17.5
150.0
152.5
155.0
156.0
157.0
159.0
160.0
i6l.0
162.0
163.0
164.0
165.0
166.0
167.0
168.0
169.0
170.0
17T1.0
172.0
173.0
174.0
175%.0
176.0
177.0
178.0
179.0
180.0

P R

60

NORMALI2ED VOLUME SCATTENING FUNCTIUN ¢

30

5.&515-0;
9. 7)3¢-03
4. 5648F-03
3¢ T66F-03
3.816+-03
4. CHIF=-03
3.546F-03
3.638F-03
3. 725¢-013
3.214F-03
4.479--03
3.033F-03
2 T154F-03
72.900€-03
2.951F-03
3.236+-03
2.914%-03
3. 461F-03
3.9506-03
3.612F-03
4. 116F-03
4. 735F=-03
5.621F-03
8e. 455F~03
l.618E-02
2.437F=02
3. H504F-02
S 116F=-02
6.3376-02
S. 684F-02
4. 430F-02
4o 398F=-02
4. 600F-02
4.442¢-02
4. 195F-07
©.5719F~ 02
4.809€-02
4. 820F-02
% 135¢-02
5.07TL+=-02
SQOZQF-O?
6.384F-07
6.387¢~-02
“.5685-0?
Y. 683F~ 072
1.2372¢-01
1. 7116~-01
?2.697F-01
7. 018F-02

WAVELENGTH (MICRONS®

45

6.721F-03
64 7T07¢-03
Se 446F-03
6.76‘F-03
4.593F-03
6.‘65F‘03
3.779¢-03
3.856F-03
3.854€-013
3.520¢6-03
3.7264E-03
3.334F-03
3. 349¢F-03
3. 190F-03
3. 176F~03
3.220F-03
3.611F-03
3. n88F-03
3.885F-03
4. 394¢-03
“.560€-03
5965F-03
6. H38E-03
1.050F-02
1.937¢-02
2.657F~02
3. 364F-02
6.687&‘0?
5¢512F-02
6.214E-02
6.197TF-02
5. 583F-02
%«317¢-02
4. 756F-02
he 46 TF-02
40 440E-02
4. 7138E-02
4. 835F-02
5. 107F-02
5. 182F~02
Se 4o HF-02
6.210F-0?
6e310F~02
1.455F~-02
8.1926-02
9.%538F-02
1.262F-01
le619F-01
le 124F-01
4. 470F-02

INDFX OF RFFRACTION = 1.50

«50

7.017E-03
1.250F-03
5.8106-03
5.139€E-03
4.988F-03
4¢328F-03
4.22%F-03
3.910F~-03
4.141c-03
3.738F-09
3.565FE-03
3.557¢~-03
‘.5606-0;
3. 340¢-03
3.427F-01
3.382¢-03
3.793&-03
4.061F-03
4e250F-03
4. 826F-03
4 T44F-03
6.423€-03
7.605E-03
lol’;F-O?
2.063F-02
2+635¢-02
3.311F-02
6.355F-02
5.074F=-02
5. 859-02
de 160F=02
S.818F-02
5.511F-02
4. 520F~02
%e624F-02
4. 4OKF~-02
3. 053F-02
9«131F=-02
9.280€6-02
S5e 046F=-02
fa268( =02
LohNTIF=-02
7- '3IF-02
8o  1F=02
1.0is8F=D1
1. 167F=-01
1. T00F =01
'.“575-0?
4o 420F-02

.65

7. 567£-03
1.631E-03
6.4U00F-013
5.373E-013
4.909F-03
4.960F-03
4.882F-03
4.993€-03
4,375F-C)
4.247F-03
4.237F-03
3.831€-03
3.328£-03
3.8756-03
3.980€-03
4.,?271€-03
4.980F-03
5.088¢-03
5.491F-03
S5.396£-03
6.896F-03
9.403F-03
1.258E-02
2¢31iF-02
2.755¢-02
3.169F-02
3.995¢-02
4.H85E-02
5.464E-02
9. %18F-02
5. 3645E£-02
5.898E-02
S.416€E~-02
4. 854€~02
4.323€-02
4.6‘5E“02
5.l|7E-02
5.4957TF=02
S5e964F-02
5.788E~-22
5.301€-02
6.964F--02
7.“67F‘02
9.38.F=-02
1.097¢-01

1le326F=-01__.

1.504F~01
5.471F-02
4.583F-02

= oA a1 ke

Voa 2,0

<70

1.622t-03
7.873F-03
64504F-03
5.524£-03
S.4T3E-03
4.954F-03
5.085£-0n3
4.599€-03
5.080F~03
4.454F-03
6.33IF-03
%e 325F-03
3.871&£-03
3.918€E-03
3.995€-03
4.045c-03
4. 380E-03
5.101F-23
5.265€-013
5. 588E-03
5.502€-03
T.124E-03
9.676F-03
10283E-02
2.325E-02
2.T73E-02
3.126€E-02
4.011E-02
‘.8‘9&‘02
5.3%2E-02
5.322€-02
502815-02
6.000E-02
5.451F-02
4.978€-02
4. 308€6-02
4.657€-02
5+ 006E-02
5.529€E-02
5.930E-02
5. 997€E-02
6.259F-07
1.172F-02
T 72TE-02
9.691E-07?
1.080¢-01
1.375F=021
l«388E~1]
54206F=012
4, TSVE=D/




TABLE IlI-H,

SCATTERING
ANGLE

(deg)

CxX~NT NS IN=O
R EEEER
D022 00 000

11.0
12.0
13.4
14.0
15.0
17.0
18.0
19.0
20.0
22.5
?25%.0
275
30.0
32.5
15.0
37.5
«0.0
42.5
45.0
550
57.5
6500
62.5
65.0
67.5
70.0
12.9
75.0
17.5
80.0
82.5
85.0
87.5
90.0
2.9

61

NORMALIZED VOLISME SCATTERING FUNCTION @

«30

3.697F O?
7. 102F 01
1.525F 01}
6.%4T7F 00
3.513F 00O
2.192F 00
l.561F 00
l-186t 00
9.051F-01
7.57?F-Ol
6.347F-01
S« 7T60F=-01
9.243E-01
6.428F-01
4.515F-01
3.457F-01
3.564F-01
3.409F-01
3.249F-01
3.173F-01
3.036F-01
2.718¢-01
2 266F-01
l.QQbF—Ol
1. 5695F=01
1.512F-01
l.346F-01
le191+-01
1.009F=-01
B8.814F-02
8. 195F=02
6.870F=02
6.184F-C2
9.26%9F=-02
4.671F-02
4. 154F=-02
3.839F-07
3.378F-0/
2.802F=02
2.473F-07
2.234F-02
1. 5976-02
1.547F-02
l.467F-02
1.369€-02
1. 281F-02
1.066F-02
9.377F-03

WAVEFLENGTH (MICRONS)

«45

l.671F 02
T<379F 01
1. 704F 01
7.358E
4. 093F
7« 666F
le861F
1. 343
1. 023F 00
6¢l4bF-Ol
b.ﬁb?F-O‘
Se.487¢-01
S« 770F-01
h.bﬂ?F-Ol
4o 29¢=01
3.711F=-01
3. 645F=-01
i.3?9F-Ol
5.366F-Ol
3.1872F=-01
2.782F=-01
2.416E-01
2.174+--01
1.955F=01
le602F=-01
1.377F-01
1.238F-01
lelb7E-01
1.039F-01
9.211€-02
T1.864F=02
7.34BF-02
6e327F-02
60966F‘0?
‘.34‘F-0?
3.945F-07
3.523F-07
2.918F=-02
?.bﬂ?F-O?
2¢.340E-02
2.163k-02
1. 797E-02
l.678E-02
1le5649F =02
1< 342602
lo“QF-O?
1.127€-902
1.032F-02

INDEX OF REFRACTION = 1,50

«50

le246EF 02
6.765E 01
l.708F 01
7. 838F 00
4. 284F 00
2. TH6E 00
1.922F 00
1.433F 00
l.061F 00
Re4l19E-01
T.108F=-01
5.953F-01
6.140F=-01
4.175E-01
3.921F-01
3. 624F =01
3.“54&‘01
3.339F=-01
3.271E-01
2.832E-01
?.673F—Ol
2. 186F=-01
le$91E-01
l.b?ﬂF-Ol
1.374F-01
1.)375-01
1.182¢=01
1.051F=01
Y« 15T7F =02
B. 009F-02
T4l1F=02
6.367€-02
5.368F=02
9« 1526-02
4.301F=02
3.991&-02
3.537€-02
2.996F=02
2.759F-02
2.3719E-02
2.212F-02
l.BblE-O)
1. 703F-02
le 637F-02
1.400F =02
1. 354€-02
1. 149F-02
1.056Ff-02

«65

8.014€ 01
S.423F 01
1.950€ 01
8.001¢%
4. 495F
2.862EF
2.022¢
1.465F
1.107F 00
9.485F=-01
1.456F=01
6o?lhE‘Ol
T.277F=-01
5¢920F=-01
4e179F-01
3.96¢€-01
3.636F-01
3.4«89F-01
3.507F-01
3.305F-01
2.911€E-01
2. 460F=-01
2.139F=01
2.020¢-01
1. 772¥-01
1.506F=-01
1.326F-01
le214F=-01
1.024F=01
9. 150F-02
B.494E~-02
71.301F=02
b.;?OF-OZ
5«2 32F-02
Se24€-02
4.241F=02
3. 935TF-02
3.634F-02
3.101€=-02
2.731E-02
2.5?23F-02
2.311F=02
1.888E~02
1.799F-02
1. 720F=-02
1.621E-02?
le©4b6E-02
1.223E-02
1.090€-02

v = 2.5

« 70

7.280F 01
5.119F 01
1.991F 01
7.978¢F 00
4.577F 00
Z2.921F 00
2.065F 00
le466F 00
1.133F 00
9.599F=-01
1.504F-01
6.335F-01
7.088F=-01
1.287F =01
5.6256-01
4.207F-01
3.961F-01
3.709&‘0[
3.494E-01
3.504F-01
3.3572¢6-01
2.957F=-01
2.477F=01
2. 158E-01
2.033E-21
le784F=-01
1.513¢-01
1.330F-01
1.219F-01
1. 028F =01
9.185¢-02
8.505F-02
1.216F=02
6o 286F =02
5.227+-02
58491¢=-02
4.27T7F~02
3.962F-02
3. 6T75E-02
3. 108E-07
2.71bF‘07
2.537E-02
2.341E-02
1.901F=-02
l.Bl?F-O?
107475-“)
1.644E-02
1.4576-02
1.223E-02
1. 090E-0?




TABLE Hil-H,

SCATTEKING
ANGLE

{deg)

97.5
100.0
102.5
105%.0
107.5
110.0
112.5
115.0
117.5
120.0
122.5
125.0
127.5
130.0
132.5
135.0
137.5
140.0
142.5
145.0
167.5
150.0
152.5
1565.0
156.0
157.0
158.0
159.0
160.0
161.0
162.0
163.0
164.0
165.0
166.0
167.0
168.0
169.0
170.0
171.0
172.0
173.0
174.0
175%5.0
176.9
177.9
178.0
1719.0
180.0

62

NURMALIZED VOLUME SCATTERING FUNCTION :

«30

T.691F-03
1. 7683F-03
6.591€E-03
9. 844F-03
5. 712“0-’
5. 528F-03
5. 019F-03
5.103¢-03
5. 151F-03
4.613F-03
4. H14E-03
4.951E-03
4. 258F-03
4.433F-03
%< 502€-03
e T95F-03
4. 718F-03
%.235¢-03
5. 607F-03
6.009F-013
6. 417F-03
7. 989F-03
9.248+-03
1.216F-02
1. 988E-02
2.609F-02
3. 356F-C2
4.508F-07
S.415F-02
5.973F-02
9. 221&E-02
4.520k-02
4.618E-02
4. 659F-02
4e 52 TF-02
4.328€E-02
4. 621F-02
4. 870F-02
%.921F-02
5.1 T6E-02
S5« 190F-02
S.bbbF-O?
6a 7 T4E-02
6.H866F-02
8. 155F-02
9.081t-02
le 081F-01
1. 358F-01
1. 787e-01
6.043 02

WAVELENGTH (MICRONS!

45

9.597F-03
8e T44E-03
7.552€-03
6.823F-013
9« 133F-03
9 463F-03
5.414E-03
5 342F-03
5.072E-03
4. 896F-03
4. 969F-03
4.654F-03
4. 864F-03
4.860E-03
4+.945€-03
9.388F-03
5. 650£-03
6.100E-03
6. 769F-03
T.117¢=-03
8. 824E-03
1.042€-02
1. 394E-02
2.188E-02
2. 128F-02
3.2606-02
4. 057E-02
4.800F-02
9« 342E-02
5.489€E-02
Re191E-02
. 423E-02
vat 22F=02
4. 471E-02
4 T701E-02
4.845E-02
5.040E-02
5.104E-02
S« 350£-02
5« 961E-02
6.197E-02
1.0506-02
7. 702E-02
8. TL&E-02
1.0%2€E-01
1.231F-01
4.5885-02

INOFX OF REFRACTION = 1.50

«50

9.002E~-03
9. 190E-013
7.905€E-03
T.193E-03
6.927€-03
5.954E-03
5.825F-03
5567E-03
5.606F-03
5.309€-03
5.181€-03
5.213F-03
5. 188E-03
%« 075F-03
5.122E-03
5.166E~-03
5.6226-03
5.999€-03
6.66?5-03
7.181F-03
T.416E-03
9.296F-03
l«110F-02
1.459F-02
2¢213F-02
2.721F=-02
3.227€-02
3.958E-02
4.516E-02
5.093€-02
5. 415€E-02
5.278F=-02
5.114E-02
4.572E-02
‘obObF‘O?
44379E-02
&.735%-02
4¢959€~-02
5.0726-02
5. 150E-02
5.336E-02
5.968F-02
6.347F-02
6.977E-02
7.872€-02
8.976E-02
9.857F-02
le 2640€E-=01
6.455F-02
4.560F-02

«65

9.489E-03
9.584E-03
8.404F-03
1.587F-03
T7.336£-03
6.605€6-03
6.410F-03
6. 396E-03
6.401E-03
9.830F-03
5.822€-03
5.841F-03
9.473E-023
5.614E-03
5.7T13€-03
5.889€-03
6.17T0€6-03
64 745E-03
7« 294E-03
7.931€E-03
8.132E-03
9.920F-03
1.265E-02
1.577F-02
2.466F-02
2.816E-02
3.142E-02
3.746E-02
4. 406F-02
‘082‘5’02
4.809F-02
4.850F-02
5.3256-02
5.117E-02
4el64F-02
4.4126-02
4.626E-02
5.015€6-02
5.25TF-02
5.357€-02
5.581€-02
5.972€E-02
6.478E-02
7. 185€6-02
B.793E-02
9.350F-02
1. 058F-01
1.093F-01
5.162¢-02
4. 733F-02

V s 2.5

« 70

9.572F-03
9n7655-01
BQSI‘F'O;
7. 6675-0;
Te443E-013
6.6165"0;
6.516F-013
6.500€6-03
6.485E-013
5911E-013
5.909€-03
5.632€E-03
5.540F-03
5.710E-03
5. 826E-03
5n9768-03
6.308E-03
6.858E-03
T.449E-03
8.049€-03
8.263E-02
1.012E-02
1. 2868€E-02
1.599E-02
2.478E-02
2.827€-02
3.119€-02
3.748E-02
4.358F-02
4. T47F--02
4. 742E-02
4.803€E-02
5.363E-02
5.27TF-02
4.827€-02
4.407€-02
4.649E-02
4.954E-02
5.290F-02
5.334E-02
5.685E-02
5.941E-02
6.574E-0?
7.091€-02
8.427E-0?
9.216E-02
1.077F-01
l.OZOF-Ol
5.013E-02
4.826F-02




TABLE llI- 1,

SCATTFRING
ANGH £

{deg)

X NI NS W=D
® 5 o 0 0 0 0 0 0

L
CoCOODZDODOCODO

63

NORMALIZFND VOLUME SCATTERING FUNCTION:

<30

1.592F Q2
3.993 01
l. 151€ 01
S« 666t 00
3.494F 00
2.403F 00
1. 803F 00
le419F 00
1. 139F 00
Yeb4TF-01
H.331F-01
T.534F~-C1
7. 094F-01
1.267¢-01
S« 8TOF =01
5 093:-01
4. 622t-01
4¢ 378F-01
QOlOOF‘Ol
3. 935k = 01}
3. 748F-01
3.783F-01
2.752F-01
2-“09F‘0I
7.712F-0I
1l 933F~-01
le 657F=01
le467F-01
1.321F=-01
le 123F-01
9. 868F-07
Y. 083F-02
7. 819t-07
6. 912F-02
6-0635-07
9.543-02
4o T4TE-0?
4o JIHO6E-02
3.92RE~-02
3. 408k~ 02
3.022F-02
7« 144E-0?
7+ 540F-02
2 133F-02
2.006t~-02
le 889F~07
10137F‘07
1. 591F-02
1. 387F-02
1. 252F- 02

WAVELENGTH (MICRONS)

« 45

1. 744F 01
3.826F 01
l.184F 01
6. 003€ 00
3. 738E 00
2. 616E 00
1.951E 00
1. 501 00
1. 197¢ 00
9.912F-01
Be 495F-01
1. 3152F-01
T.191F-G1
T.247F-01
5.919F-01
9. 279E-01
“-75BF-OI
4o 486F-01
4.172F-01
4.039F-01
3.878F-01
3. 799F-01
7.8?‘5‘0[
2489t -01
2.7218F=01
1.912e-01
1le 639F-01
l1e454F-01
1.312¢-01
1. 167F-01
1. 027F-01
8.941E-02
8e 1HHF =02
Tell4F=-02
6. 160F-02
5S¢ 735F~-02
4. 92EF-02
4.500€-02
4.015F-0?
3.505€-02
3. 194F-02
2.816F-02
2.602E-02
2282F=-02
?2.093E-02
1. 946F-02
1. 753F-02
le 639F-02
1.428F-02
1l¢ 321F-02

INDEX OF REFRACTIUN = 1,50

«50

S¢F44E 0}
3.500¢ 01
1. 192€ Q1
6.136F 00
3.797F 00
2.666F 00
1.976F 00
1.533%E 00
le216F 00
1.006¢ 00
8.630F-01
7.‘3'F‘0l
7291F-01
95.290t-01
4. 865F-01
6.5N3F-01
4e 04 TFE-01
3. 880E-01
3. 333F-01
?2.838E-01
2.507F=01
e 739F-“l
1. 925F-01
le645£-01
le460F =01
1.322F-01
l.175¢~-01
1. 028F=-01
9.026F-02
8e234E-02
1. 152F =02
6o 1525-02
5. 824F~-02
4e929F~02
“-534F‘02
4. 033F-02
3.551F-02
3.236F-02
2.6‘35-02
2.633F-02
2-][9&‘07
2.114E-02
1.9895-02
1. 786F~-02
l. 650F-02
le ©45F-02
le338F-02

«65

4.013€ 01
2.850F Ol
1.229F 01
6.060FE 00
3.801F 00
2.648F 00
1.989¢ 00
le%42F 00
1,23%9€ 00
1.062F 00
8. 98BE-01
1.961t-01
7.’?5#‘0[
7. 660F-01
6.430F-01
%«371F-0)
4e914F-01
4.543F-01
4+308&-01
4.165E-01
Je943F-01
3.430F-01
2. 696E-01
2+.9500F-01
2.274E-01
1.9926-01
le6d2€-01
le«8 3F-U1
1. 346F-01
1. 145F=-01
1l.016F-01
Ye 325+-02
3.112F-02
7»072F-02
6.153F=-02
59 43F-02
4869F-02
44502F=02
4. 103F-02
3.600F-02
3.195k-02
?2¢923F-02?
2.693E-02
2.3126-02
2.164F-02
2.038F-02
1.881F-02
Le693F-02
le 492E-02
1.353F-02

v o= 3,0

«70

3,681t 01
2.703F 01
1.237F C¢1
6.030& 00
3.825¢ 00
2.669F 00
2.006F 00
1.543F 00
1.7250F 00
1.068E 00
9.073€-01
8.026£-01
T.980t-01
1.668E-01
6.481¢-01
95 396E-01
4.923F-01
4.582F=01
4.318E-01
4.171£-01
3.969¢-01
3.454F =01
2.9156-01
2.912F=-01
2.282F =01
2.000£-01
le647E-01
l.437F-01
1. 349F-01
le 148+-01
1. 019F=-01
9.337£-02
8.111F-02
1.067F-02
6.161£-07
9:.965F=07?
4. 890F-02
4.518F-02
4.123F-02
3. 6048F=-02
3.194F-02
2.933F-0?
2. T09F-02
2.322E-02
2.175€-02
2.052€-02
1.893:-02
1.700€-02
le 496F~-02
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TABLE 111-1, NORMALIZED VOLUME SCATTERING FUNCTION : vV 2 3.0
iINDEX OF REFRACTION = 1.50
SCATTERING

ANGLF WAVELENGTH ¢MICRONS)

deg) +30 .45 «50 «65 .70
45.0 l.126F-02 1.193-02 1.213F-02 1. 242F-02 1.249€-02
97.5 l.119€6-02 1.182¢~02 1.207€-02 1.2326-02 1.242F-07
100.0 1.010F-02 1.077F-02 1.099F-02 1.127¢-02 1. 135F-02
102.5 Y 354F-03 Y. 997F-03 1.022F -02 1. 049€-02 1.056F-07
105.0 8. 952¢~03 9. 513F-03 9.728E-03 1.0008-02 1.007€-02
107.5 8. 308F~-03 8.481¢-03 B8.641E-03 9.125¢-03 9. 180F-03
110.0 7. 761F-03 8.134E-03 8.343E-03 R.693E-03 8. 760£-013
112.5 7. 759¢~03 7. 979¢-03 8.1096~03 A.641€-03 8. 706E-03
115.0 7.719¢=-03 7.844E~03 8.0116-03 8.563F-03 8.620E-03
117.5 7.2901:-03 7.674E-03 1.837E-03 8.151E~03 2. 208F=013
120.0 7.4355=-03 T 603F=-03 7. 785€£-03 8.218F-03 8.278€-03
122.5 7.357F=03% 1. 662F-03 7. 8286~03 8.275F=-03 8.3376-03
125.0 7o 154F-03 7. 6476~03 7.809F-03 B.047F-03 B8.100F-03
127.5 7.36%F-03 T.639F-03% 7. T966~03 8.256F-03 8.323E-03
130.0 7e 48 7F=03 7.668F-03 7.844E-03 8.407F-03 8.481E~-03
132.5 7.775F-03 7. R4T76-03 8.011E-03 H.646F=-03 8.7106-03
135.0 7.9465=-03 8. 334F-03 8. 504 -03 8.968F-03 9,.052E-03
137.5 He 338F-03 H.785F-03 9.003E-03 9.413F-03 9.486E-03
140.0 9., 066F~03 9. 464E-03 9.692F-03 1.021€-02 1.030€-02
142.5 Y. TRSF =03 1.028E-02 1.053F~02 1.104E-02 le 112€6-02
145.0 1. C39F=-02 1.090€E-02 1.1126-02 l.1626-02 1.171E~02
147.5 1. 199F~02 1. 264E-02 1.293€-02 1.348€-02 1.360F-02
150.0 le #12F=-02 l. 461F-02 1. 497F~02 1.602€~02 1.615€-02
152.% leb19F =02 1. 759¢-02 1.793¢-02 1.873€-02 1.8856-02
12%.0 2. 295¢~02 2¢344E-02 2.3806-02 2.501F-02 2.506E-02
156.0 2¢ H65F =02 2.616F-02 2.671F=-02 2.740F-02 2.743E-02
157.0 3. G706~ 02 3.001F-02 2.982F~02 2.961E~-02 2.950€-02
198.0 3, 695F =02 3. 4436~-02 3. 391€-02 3. 320€-02 3.316€6-02
159.0 4. 198E-02 3.867F-02 3, 735€~02 3. 709€-02 3.682F-02
160.0 4,.548F=-C2 4e 204F-02 4. 082E-02 3.9556-02 3.9156-02
161.0 4e?277F-02 4.387€-02 4s3296-02 3.977¢-02 3.942€-02
162.0 4.063+=-02 4.329F-02 4.336F-02  4.,065E-02 4.038E-02
163.0 4.228F-=02 4e 295F =02 4, 299E~02 4.331F-02 4.385F-02
164,0 4e248E-07 4, 065F~02 4. 110F~02  4.359€6-02 4e354E~02
16%.0 44 179F=-02 4 111E-02 4, 130F=-02 4.210F-02 4.229€-02
166.0 4.0726-07 4.092€-02 4 N4TF=02  4.052F-02 4.046E-02
167.0 4, 251E-02 4. 2376-02 4.237F=-02 4.188€-02 4.192€-02
168.0  %.453F~07 4.367F=-02 40395F~02  4.431E-02 4.401E-02
169.0 e §26F =02 4e 4B5F-02 4. 46TF~02  4.581F~-02 &.5RTF-02
170.0 4.688F=-02 4.541£~-02 4.542F~02 4.664E-02 4.6' 8E~02
171.0 4o T60E~02 4o T23F =02 4. 698E-02 4.8306-02 4.,867E-0?
172.0 S.069F-02 5¢ 109F =02 5.085F-02 5.0726-02 5« 051F~02
173.0 5. 443F-02 5¢ 355F =02 5.387F-02 5.3V £-02 5. 410E-02
174.0 5¢872F-02 5. 854F-02 5. T49€-02 5. 820€-02 5.769€-02
175.0 6.639F-02 6.279F=0? 6.298F 02  6.446E-02 6.478F-02
176.0 7.196F-02 6.831E-02 6.875F=02 6.9896-02 6.911E~02
177.0 7945 -C2 1.557F-02 1.2276-02 7.459F 02 T+498E-02
178.0 8¢ 9036 =02 8.079F-02 7.989F-02 T7.293F~02  6.967F-02
179.0 9. 774F-02 6.026F-02 5.249E-02 4.763E-02 4.700€-02
180.0 S.137F-02 4.551€-02 4.5366-02 4. 6476~02 4.683E-02

s e




TABLE lit-J,

SCATTERING
ANGLE

(deg)

0.
1.0
7.0
3.0
6.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
146.0
15.0
16.0
17.0
18.0
19.0
20.0
22.5
25.0
27.5
30.0
315.0
37.5
40.0
4?2.5
©%.0
4.5
$0.0
525
55.0
57.5
60.0
62.5
55.0
67.%
10.0
12.5
15.0
17.5
80.0
8245
8%.0
87.5
90,0
92.5

65

NORMALIZFD VOLUME SCATIERING FUNCTION :

«30

4.585€ 01
1.563E Ol
6.273€ 00
3 7154€ 00
2. 644F 0O
2.023F 00
1.637€ 00
l.368F 00
1. 168F 00
1.028F 00
9.204F-01
8. 437F-01
7.921€-01
7.551F-01
6.685F-01
6.0?5F—01
S 538F-01
S« 178F-01
4 662F-01
4.403F-01
3.832¢6-01
3. 276E-01
2.842F-01
2.531F-01
2.213-01
1< 899F-01
1. 673F-01
1. 496F-01
le 7294F-01
le143F-01
1.033F-01
9. 066F-07
8. 004F-02
T«131t-02
6e475€-02
5« 623F-07
%5e 1 30F=-02
4.6722¢F-0?
4. 121E-02
3.693F-02
3. 354F-02
3.083F-02
2. 730F-02
?2.526F-07
2«3526-02
2. 158F-02
1.969F=-02
le T76E-02
le 632F-02

INDEX

WAVELENGTH (MICRONS)

65

2.597E 01
l.476€ 01
6.261E
3.816E
2. TOS€
2.081E
1.675E
l. 386E
1. 175F
1. 023¢€
9. 094E-01
8.223€-01
1. T76F-01
7.401E-01
6.604E-01
6. 015€-01
5« 540€-01
S.186E-01
4. 863F-01
40 621F-01
“.3755-01
3.778E-01
3.254€E-01
2.850F-01
2«5723F-01
2.205F-01
1.9728E-01
1.7075—01
lOSOQF-Ol
1.337F-01
1.177€-01
1.037e-01
9.3720F-02
8. 192F-02
1. 211F-02
6.592¢-0?
S« 158F-02
5¢219€~-012
4. 67T1F-02
4. 183F-0¢
3. 7196F =02
3.396F-02
3.121F-02
2.813F-0?
2.573¢F=-02
2.384€E-02
2. 184F-02
2.001F=-02
1.800F=-02
le673E-02

«50

2.115€ 01
1.378E 01
6.242E
3.833F
2. T12€E
2. 0B9E
1.679E
1.394F
1. 180€
1.027€
9.132€-01
8.7250F-01
Te824F-01
T.413€E-01
6.640E~-01
6. 023 -01
5.573E-01
5«195€-01
4. 8R6E-01
4. 628E-01
4<392¢F-01
3. 790F =01
3.260€E-01
2.8%6€-01
?2<530E-01
2.210€E-01
1« 705F=01
1«51 3F~01
1.361F-Ol
1« 179F-01
1.040F=01
9-339F-02
8.209F=02
T 219E-07
6.620F-02
S«T64F=-02
S5 234F-02
“.680&’01
4« 199€-02
3.811€-02
3.407F-02
3.132F-07
2.826F=-02
2.581€-02
2.398€-02
2.195¢6-02
?.007€-02
1.807€-02
1. 680F-02

OF REFIACTION = 1.50

65

1.559 01
1.180€F 01
6.252F
3.760E
2.6717F
2.061F
1.670F
1. 391F
1.189E
1.051F
9.364€E-01
8.550€-01
8.123E-01
T.635€-01
6.836E-01
6.107€-01
5.627E-01
5.248E-01
4.955F-01
4. 713E-01
4.463€-01
3. 878F-01
3.326E—Ol
2.875€-01
2.552€E-01
2.233F-01
1l.912€-01
1.684F-01
le506E6-01
1.305€6-01
1.155€6-01
1.043€-01
9.180E‘02
8.084F-02
T.188E-02
6.605E-07
S.689€-02
s 190F-02
4. 696E-02
4. 199F-02
3. 7H6E-02
3.428€-02
3.167F-02
7."036-02
2.592E-02
2.414F~02
20718E-02
2.,017¢-02
1. 826€-02
1.681¢-02

= 3.5

«70

1. 457 01
1.133F 01
6.257F
3. T45E
2.681E
2.065¢
leb674F
1.391€
l.197¢
1.053€ 00
9.3756-N1
8.571F=-01
8. 140E-01
T.6376-01
6.852€E-01
6.117¢-01
5.761E-01
4.960F-01
4.T17€-01
4.4T2E-01
3.886F-01
3.331€-01
?2.879¢-01
2.555F=-01
2.236E-01
1.914F-01
1.685€6-01
1.508E-01
1.306€E-01
1« 156E-01
1.0446=-01
9.183£-07
8.086F-07
7. 194€E-02
6.616F-02
50691F-07
5.197F-02
4. T04E-02
e 204F=07
3,767€-02
3.432E-02
3,153F=-02
2.R08€E-07
2.596E-02
2.4195-02
?2.2727€E-02
2.020F-02
1.828€6-02
1. 683F =07




66

e 4 o o e ko o M

TABLE lll-J, NOKRMALIZED VOLUME SCATTERING FUNCTION : vV oz 3,5
INDEX OF REFRACTION = 1.5%0
SCATTFRING

ANGL F WAVFLENGTH (MICRONS)

(deg) <30 b5 «50 65 .70
9%.0 1.527F-02 1. 562F-02 1.569F-02 1.580F-02 1.583F-02
97.5 1.483F~02 1.5156-02 1.524F-02 1e534F =02 1.538F=02
100.0 1.385F-02 1.420€~02 1.428F-02 1.438€-02 1,441€E~02
102.5 1.305F-02? 1.3386-02 le 345E-02 1.357F=-02 1.360F-02
105.0 1.2 38F-02 l.?68F~02 le2 76E-0? 1. 288F-0? 1.291F-02
107.5 1. 157F~02 1.171E-02 1.177E-02 1.202E-02 1. 204F-0?
110.0 1.098F=-02 1.123F~0? 1.13)E-02 1.146F-02 1.149E-02
112.5 1.082F-02 1. 098E-0? 1.103F~02 1.129-02 1e131E-02
115.0 1.069F~-02 1. 08C€-02 1. 086E-02 1. 114F-02 1.117¢-02
117.% 1.062F=-0? 1.069F-02 1.075€-02 1.089F~02 1.091€-0?
120.0 1.050F=02 1.06 76-02 1. 074F =07 1.0956=-02 1.098E-02
122.5 1. 063F=-07 1.071E~02 1. 077E-02 1.102E-02 1. 1056-0?
125.0 le 045F-07 1.071E~-02 1.0776-02 1.095¢-02 1.097F-02
127.% 1. 064F-02 1.076F-02 1.082E-02 1. 114E-02 i« 117E~02
130.0 1. 080F~02 1. 084F-02 1. 091F~0? 1.132F-02 1.1356-02
132.5 1. 106F~02 1.109F-02 1.1156-02 1.157€=-02 1.159€-02
135.0 le 1 34F=-02 le156F-02 1. 16 3F-02 1.189E-02 1.1926-02
147.5 l.172F-02 1. 209€-02 1. 21 7¢-02 1.227€-02 1.230E-02
140.0 Yo 264k~02 1.281F~0? 1. 289F-07 1.303F-02 1. 306F~-02
162.5 1. 3256-02 1. 3626-02 1.371F-0> 1.387€-02 1. 39NE-02
145.0 1+402F~-0? 1. 437F-02 1. 445E-02 1. 4656-02 1.468F=22
1647.4 1. 954F=02 1.579¢ =02 1.588E-02 1.622€-02 1.626€E-02
1900 le 7641F-02 1. 76 1E-02 1. 762F-07 1.818F-02 1.823E-07
152.5 1.9456-07 1.965F-02 1« 975F-02 2.020F-02 2.024E-02
165.0 7¢320E-02 2.315F=-02 2.324F-02 2.389E-02 2.390E-02
156.0 2.498F=02 2.4H6FE-02 2.483E-02 2.528E-~0? 2.529F-02
158.0 2.926F-07 2.848F-02 2.830E-02 2.833F-02 2.831€~-02
159.0 3. 164F-02 3,060F-02 3.001€-02 3.0176-02 3.007F-02
160.0 3.303F-07 3, 208F =02 3. 171£-02 3.137F-02 3.124€-02
161.0 3. 266F-02 3.332F-02 3.3106~02 3.173F-02 3.1616-02
162.0 3,264F=02 3, 364F-02 3,358F-02 3.,245F~02 3.235E-02
163.0 3. 346F-02 3. IB4F-0? 3.378BE-02  3.405E-02 3.403E-07
166.0 3.423=02 3.347E-0? 3. 353E-02 3. 442E-02 3.438E-02
16540 3. 413F-02 3.378F-02 3.377F-02 3.412F-02 3.415F~02
166.0 3.3R7F-C2 3.390F-02 3. 374F-02 3.374F-02 3.371E-02
162.0 3.476F=02 3,468F~02 3,463F-02 3.449E-02 3.44RE-02
168.0 3, 593F-02 3.552F-02 3.554F=-02 3.573€-02 3.562F~02
169.0 3.659F=C2 3.620F-02 3.609F-02 3.659F-07 3,658F-02
170.0 3, 745F-07? 3.670F~02 3.665F=02 3,7226-02 3, 714€E-02
171.0 3, 820€-02 3, 783F-02 3.770F-02 3.822E-02 3.828F=-02
172.0 3.,977F-02 3.981F-0¢ 3.967F-02 3. 954F-02 3.945F =02
173.0 4. 162¢=02 4. 153F-02 44153F-02 4.120F-02  4.123€-02
174.0 4e393F-07 4.39%-02 4 36TF=02  4.343F-02 46 324E~07
175.0 4. 721F-02 4. 617F-02 4.609FE-02 4.633F-02 4.6317€-0?
176.0 4.985F=-0?2 4.856F-02 4o B54F~02 4.BT2F-02 4.843F-02
177.0 5. 214F-02 6. 076F~02 4. 977F-02 $.026E-02 §.029E=07
178.0 Se¢ 401F =02 Se104F-02 5¢120F-02 4.905F=02 6.R05F-0D2
179.0 ¢ 3TIF=02  4.493IF-02 1 7B9F=-02  4.151E-02 4.111F~-02
180.0 4.2 70F-02 4. 138F~02 44131F-02 4.158E-02 4. 1676-02




67

NORMALIZFD VOLUME SCATTERING FUNCTION :

TABLE 1l1-K,
SCATTERING
ANGLE
(deg) <30
0. 1.088F 0!
1.0 5. 285€ Q0
2.0 2.993E 00
3.0 2.174¢ 00
4.0 1. 743 00
5.0 l.470€ 00
6.0 1. 279 00
7.0 le134F 00
8.0 1.020¢6 Q0
9.0 9.323F-01
10.0 8. 606E-01
11.0 8. 0729F-01
12.0 7.5613F-01
14.0 6.605F-01
16.0 S5¢ T44F-01
17.0 Y. 415€-01
18.0 5.130F-Ol
19.0 4.8726-01
20.0 4.628E-Cl
22.5 4. 059F-0]
25.0 3.536F-01
27.5 3. 094F-01
30.0 2.735F-0l
37.5 2. 404F-01
315.0 2.095F-01
37.5 1. 850t~-01
40.0 le 646F-01
4.5 1-647&’()[
45.0 1. 284F-01
47.5 1. 151F=-01
50.0 1. 022F-01
52.5 9.086F~02
55.0 8.]3“F-0?
60.0 6 502E-02
62.5 5. 889F-02
01. 5 ‘- 796F-07
70.0 4.333E-02
75.0 3.607F-02
77.5 3.269F-02
80.0 3,009F-02
85.0 2.562F-02
87.5 2. 352F-02
90.0 2e 160E~-02
92.5 2.006F-02

WAVELENGTH (MICRONS!

o 45

T.488F
5.066E
2.962F
2¢170€
le T43E
1. 470F
le 274F
le 124F
i.007¢
9. 148E-01
8.411F-01
T.813F~-01
7. 366F-Ol
60 954F-01
(.19 560F'0!
(. Y9 OZ'QF-OI
5. 324£~-01
5.032F-C1
4. 717E‘Ol
4.534£~-01
3.966E-01
3.469E-01
3.058F-01
2. T13F-01
2.398F-01
2.1228-01
l1.881F-01
1.669F-01
1.483E-01
1«313F-01
le 165E-01
1.042F-01
9.252F~-02
Be 239F~-02
Te 439F~02
6.613E~-02
5.971F~-02
5 37T2F-02
4. 854F-02
4.406€-02
3.986€-02
3. 650F~-02
3.328F-07
3.052F-02
2.821F~-02
2¢ 6015"0?
2.390F-02
2¢193E-G2
2.047F-02

«50

6.570F
4.871€
2. 955E
2.171€
l.743€
1.470F
1.274¢
1. 125€ 00
1.007€ 00
9. 154F-01
8.417€-01
T.817€-01
T.374€-01
6.466F-01

00
00
00
00
co
00
00

6.026F-01

5. 654£-01
5.326E-01
5.037€E~-01
4. T7T8F-01
4.538€-01
3.969F-01
3.470F-01
3. 06QE-0N1
2.T15¢-01
2.400F-01
2.123F-01
1.882F-01
1. 6TOF-01
l.483€-01
l- 31‘5-01
1. 166F-01
1.042€-01
9.257€-02
8. 267602
Te445F-02
6.615F-02
5.9T74E~-02
5.375€~-07
4.858€-02
3.989€-02
3.653F-02
3.331F-02
3. 054E-02
2.824F-02
2.603F-02
2.392F-02
2. 195€-02
2.0648F~-02

INDFX DF REFRACTION = 1.50

«65

S.416F
4. 448F
?2.946F
71 4BE
1.730€
1.462F
1.273F
L. 128F
l.0l6F
9.293-01
8.569F-01
7.991¢-01
7.099F-01
6.588E-01
6.111F-01
5.723F-01
5.395F-01
S5.1118-01
‘. 856F-01
4.6128-01
4.065€-01
3.527F-01
3.085F-01
2.7?27¢-01
?.394€-01
2.090F-01
l.8476-01
l.644F-01
1.7285F-01
1.152F-01
1.024E-01
?e 104F~02
8. 156F-02
71.370E-02
6.531€-02
5.918€-02
5.353F-02
4.8346-02
%.372F-02
3.981€-02
3.312E-02
3.051F-02
2.826€-02
2. 605F-02
2.394F-02
2.203€~-02
2.049€-02

A

z 4.0
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5.189F
4o 342F
2.945F
2.1413F
1.730F
le462E
1.273F
1. 128E 00
1.016F 00
9.295F=-01
8.571F-01
Te995¢-01
1.547F-01
T.099F=01
6.591€-01
6.113E-~01
5.725¢r-01
5.398+-01
5.112F-01
4.857F-01
4. 61 4F-01
3.5729E-01
3.086F-01
2. 777F-Ol
2. 399€-01
2.091F-01
1.847F-01
le 6464F~01
le447F~01
1.285F-01
1.152&-01
1.0724F-G1
9. 105F-32
8.158F<02
T.373F~-02
6. 53“'-07
5920802
5.355€-02
4.835F-02
4. 3TPF~-02
3.982F~02
3.648E-0?
3. 313F-02
3.052¢-02
?.878F-07
2.606F-07
2.394F~02
2.204F~02
2.050F-02

0o
a0
00
o0
a0
a0
00




TABLE {li-K.,

SCATTERING
ANGLE

(deg)

95.0

97.%
100.0
102.%
105.0
107.5
110.0
112.5
115.0
117.5
l?O.o
122.%
126.0
127.5
130.0
132.%
135.0
137.%
140.0
142.5%
145.0
147.5
1%0.0
192.%
15%.0
1%6.0
157.0
15d.0
159.0
160.0
161.0
162.0
163.0
l64.0
165.0
166.0
167.0
l6H.0)
169.0
l,u.n
171.0
172.0
173.0
174.0
17%.0
176.0
177.0
178.0
179.0
180.0
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NORMALIZED VOLUME SCATTERING FUNCTION:

«30

1l.892+-02
1. 8116-02
1. 713F-02
lobst‘O?
le 56 6F-02
1o 466F=-07
tab06F-02
1. 375F-07
le 354F-02
le 334F-02
e 334F-02
le 337F-02
1. 336F~C2
1. 350F-02
le 3649F~07
1. 387F=-02
la&let-02
le 446F=-Q02
1.506F-0?
le 573F=07
le 646F=02
1e THOF-02
1. 891t--02
2.026F-07
2.22%=-02
2+ Y08F-02
2. 387F-02
2. 4H0E-C?
2¢565F-02
2.6)9*‘0)
24046F-Q0/
2.615F-02
2. T131F=-02
2 169F=-Q7
2. 181 F-C2
2. 189F=-07
2.833F-02
2.897F-02
2.939F=-02
2+ 990F-~02
3.0475-02
3.129F=-02
3 224F-02
3. 342E-02
3. 487F~02
3.607F-02
3. 696F-02
3. 745¢-02
3. 749F~02
3.548F-02

UAVELENGTH (MICRONS)

)

l0979f‘0?
l.&Q&E-O?
1. 752F-02
1.666F-02
1.584F~02
1. 500F-02
le 64TE-02
loelaF-02
1« 392F-02
1.381F-02
1.378F-02
l0379F'O?
1.382F=-02
1. 390F-02
1. 403F-07
le471F-02
1.520F=-02
1. 583F-02
1. 652F=-02
1e722F~02
l. 824F =02
1.947E-02
7. 08TF-02
2:2TTE=02
2.360F-02
2. 439F~02
2.523F-02
2.606F-02
2. 682¢+-02
2. T46F~-02
2 T82F=~02
Z.HUQF-CZ
2.8226-02
2.847F-02
2.869E-02
2.912F=012
2.961F=-02
3. 0N6F-02
3. 050F =02
3.121F=02
3.222¢-02
3. 1?6‘:-02
3. 448F~07
3. 965F-02
3. 679F=-02
3. T6TF-02
3.802r-02
306,1F‘02
3.6276-02

INDEX OF REFRACTION = 1.50

«50

1.931€-02
1.850F=-02
1.756F-ﬂ?
1.665F-02
1.586€E-02
1.502F-07
1.448F-02
l.415F=02
1. 393F =02
1. 382F-02
1.380F-02
lo‘&lf‘U?
1.383 =07
1.39‘F‘07
le404F~-02
lo“;l&‘O?
le472F-02
16 5272F=02
1.585F-02
le654t-02
le 124F-02
1.826F-02
1.949F=02
2.049F-02
2.278F=-02
24359F =02
2.%37F-02
2.520t-02
24598F-02
2.676t-02
2.741¢-02
2.181F=-02
2. 807¢-02
2.822¢-02
2. 84¢E-02
7. 86502
2. 910F-02
2.901F-02
3.003+-02
3. 0497=02
3.117F=02
3.218&-02
3. 325F-02
3.441F-02
3.5626-02
3.677F-02
1.7“6F-0?
3.792F~02
3.636F-02
3.624F~-02
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loq;7F‘0?
1.457F=02
1. T60F-02
lnb"E-O?
1.595F~02
1.516F=-02
1.458F=-02
l.kZbE-O?
1. 408F-02
1.390F-02
1.392F-02
1 396F-02
l. 398F-02
1.4136-02
1.430F-02
le454F-02
1.482F-02
1.517F-02
1.9T1F-02
lob@7p-02
lo7le‘0?
1. 836F~02
1e9T70E=-02
2. 104F=-02
2.300F~02
2.3715F-02
2ee5F~02
2e924F-02
2. 603F-0?
2.6958F-02
2.6H88F=02
2.73F=-02
2.199F=02
2.833F-02
2.841F-02
2.847E-02
?.ﬂd&F-ﬂ?
2.948F-02
?2.998F-02
1.0“5F-0?
3.107F=-02
3.182F-02
3.273E-02
1. I8HF-02
3.522€-02
3.637F-02
3.7T13F=-02
3.7028-02
1.561F‘02
1.586F-02

- a O

\Y

= 4.0
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1.938¢-02
I.SSBF—O?
10761F-07
1. 675e-02
1.596F-02
loSlﬁF-O?
le 459¢-02
104295-0?
1. 409F-02
1. 391F-0?
1« 392E-02
1.397F=-02
1.398F-02
le4l4F-07
le431F=02
1.4%4F-07
l.483F-02
le918F=-02
1.578t-02
1. 648F-02
1.722E-02
1.837¢-02
1.971E-0?
2.105F-02
2.301F=-02
?2.3715€~-02
2.“““F‘0?
2.524F-02
2.600€-0?
2.655F-02
2. 685F=02
2.128F~-02
2.798¢-02
2.831¢-02
2.841F=02
2.845¢-02
2.88TF-0)
?2.945F-02
2.997F-02
3.043%-02
3.107F-02
3.179F-02
3.273F-02
3.383F-02
3.522¢-02
1. 630F-32
3.7T13F-02
3. 680E-02
3.5%0F-02
3.588F-02
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Table IV, Average Cosine of the Scattering Angle for
Various Aerosol Particle Size Distributions
cosf
Index Wave Length (p)
of Aerosol
Refraction Model 0.30 0.45 0.50 0.65 0.70
15 Cloud 0.7374 0.8168 0.8071 0.8039 0.8020
1.5 Haze C 0.6751 0.6738 0.6689 0.6530 0.6456
1'% Haze M 0.7308 0.7084 0.7036 0.6924 0.6926
1.5 v=2.0 0.7060 0.7934 0.7967 0.7844 0.7828
LS v =25 0.7240 0.7672 0.7672 0.7570 0.7546
1.5 v=23,0 0.7147 0.7278 0.7266 0.7206 0.7193
1.5 v =35 0.6848 0.6850 0.6841 0.6824 0.6820
145 v=14,0 0.6490 0.§430 0.6429 0.6433 0.6433
1.33 Cloud 0.8066 0.8908 0.8902 0.8705 0.8575
1.83 Haze C  0.7677 0.7692 0.7653 0.7499 0.7440
1.33 Haze M  0.8054 0.7963 0.7958 0.8003 0.8002
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1V. UTILIZATION INSTRUCTIONS - RRA-42

4.1 Description

RRA-42 1s designed to calculate the microscopic scattering quantities

i, + 1
discussed in Section 2.1, 11, 12, 13, 14, —A—E—-l, the extinction efficiency,

the scattering efficiency, and the polarization of the scattered light.
Available also as optional printouts are the values of a s bn’ Sl and S2

used in the calculations.

The basic input variables are the index of refraction and the size
parameters of the spheres involved in the calculations. There are eleven
other input variables necessary for controlling tiie operational procedure.
The variable, NPROB, allows caiculations to be performed for «ny number of
different values of the refractive index or angular increments without re-
quiring a reloading of the program deck. The angular dependert functions

are calculated at the angles defined by the relation
8 = 0°(DTHET1)CHANG1(DTHET2)CHANG2(DTHET3)180° . (38)

The number of degrees in the range for each angular increment must be an
exact multiple of the angular increment. There are two variables (DECIDE
and OPTION) for the control of the printout involving the a s bn’ sl(e),

and 82(9).

The infinite series ‘n n for the values calculated are terminated
either when n = 1,2 x +9, where x is the size parameter, or when the

condition
2 2
Jay 1% + b

< 10°F (39)

is satisfied, where P is an input parameter.

=55 e A naadm———_—— R KT o mpeen vy e = -
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The following list of input variables describes their function and
input format. The numbers in circles refer to cards or card sections as

showp in the sample input data.

4.2 Input Variables

Table V lists the problem input data for RRA-42. The formats to be

used in making up a problem deck are also given in Table V.

Table V. Problem Data Deck for RRA-42

Card

Variable Definition Format No.

NPROB Number of problems. Each problem corresponds I5 1
to a given refractive index or set of angular
increments. A complete set of size parameters
may be run under one problem. For each prob-
lem, a complete set of the following varial:ies
must be input.

PM Index of refraction. Input two numbers for 2E18 8 —
each index, the real and imaginary part. If T
the index is real, input zero for imaginary part.

DTHET1, Angular increments in degrees as expressed in 3F5.2

DTHET2, Equation 38. If the same increment is to be used

DTHET3 from 0° to 180°, this number must be input for 2
each of these three variables.

CHANG1, Angle in degrees at which increments are to be  2F5.2

CHANG2 changed, as showr in Equation 38,

LPROBN Number designation for a particular problem. 14 *

DECIDE Dec&sion for printing out a s bn’ |an|2, and
bnl as a function of n. Input zero to print
out; any other number will suppress the printout.

i

OPTION Decision for printing out S; and Sy as a func- 2ELS, 8 1
tion cf 6. Input zero to printout; any other
number will suppress the printout. ,

\

NEXES Number of size parameters to be used within I w
any one problem

214

——
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Table V. (continued)

Card
Variabl Definition Format _No.
IPOWER Corresponds to P in test relation }an|2 +
ibn|2< 10-P. A value of 14 is recommended. )
X Size parameter, one value to a card. If E18.8 5

NEXES=10, input 10 cards, each containing
one size parameter. If output ls to be used
in RRA-45, input x's in order of increasing size.

4.3 Input Instructions

1. Variables PM(2 values), DTHET1, DTHET2, DTHET3, CHANG1, CHANG2
and LFROBN are input on one card.

2. DECIDE and OPTION are input oa one card.

3. NEXES and IPOWER are input on one card.

4, Variables are input in the order they apjear in Table V. The
data deck for one problem will consist of four cards plus NEXES
additional cards.

5. A decrk: containing variables PM through all x's must be input

for each problem, one deck immediately following arother.

In addition to the printed output, a tape may be generated contain-

ing the size parameters used, the extinction and scattering cross sec-

i, + 12
== for each scattering angle. This tape may

tions, and the function
be cornverted to punched cards if desired; however, the data is written
on the tape in the format required by the integration procedure, RRA-45.
Therefore, this output tape may be used as an input library tape for
RRA-45, eliminating the need for converting this data to large numbers

of punched cards. If the tape is to be used as a library tape, the size

parameters must be calculated in the order of increasing size.

e
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The following table gives the file names of the input-output files.

Input-Qutput Files File Name
1. Program deck CARD

2, 1Input data CAKD

3. Printed output PRINT
4., Library tape or punched PUNCH

putput for RRA-45

When usinyg the B-5500 system, for which these programs are designed, the
input-output files may be declared by the computer operator as any
input-output hardware device desired. Thus, for example, the program
deck and input data may be input from magnetic tape, the printed output
may be stored on a tape, and the punched output or library tape may be
punched directly, if so desired.

4.4 Sample Problem

Listings of the problem input data and corresponding printed output
for a sample problem are given in Tables VI and VII, respectively.

Table VIII gives a listing of the punched cards produced.

The quantities I1, 12, I3, and I4 as given in Table VII correspond
A

to the quantities defined in Equations 14 - 17. IAVG = _2_3__3 . The
i, -1
POLARIZATION = Iif;-zg . The extinction and scattering efficiencies
1 2

are defined in Equations 12 and 13.
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TABLE VI, RRA-42 SAMPLE PROBLEM INPUT DATA

1.823£800
1.00€200

1.84E801

»;:280E202 2,00 5.00 2,50 20.0185,0
1.00€¢800

ot enp e

11

»




SIZE PARAMETER s

SCATTERING aNGLE

0,09

2,00

4,00

6,00

8,00
10,00
12,00
14,00
16,00
18.00
20,00
259,00
30,00
35,00
40,00
45,00
50,00
55,00
60.00
65,00
70,00
75,00
80,00
8s,C0
90,00
95,00
100,00
105.00
110,00
115,00
120,00
125,00
130,90
135,00
180.00
145,00
147,50
150,00
192,50
155,00
157,90
160,00
162,50
165,00
167,50
110,00
172,50
175,09
177.50
180 00

75

TABLE VII. RRA-42 SAMPLE PROBLEM PRINTED OUTPUT DATA

RAOIATION RESEARCH ASSOCIATES » FURT WORYW » TEXAS » PROCENURE hRa=dy

1n

3,6641040a
3,26020408
2027150404
1,19490,04
8,4811040)
1,17530403
5,17556,02
4,53910407
1,87450402
4,33368-0;
2,06390,02
5,97520402
6,60000401
3,61730.07
?2.50420401
107733’002
1,95430401
9,08410,01
1,90300401
4,841618,0¢
2,20430,0
1,7288040
2,51170403
5,50300400
2,727090401
3,08810400
2,37720401
1,89110400
1,27080,01
1,57040400
3,024600400
6.16‘3@000
4,605700
8,53090,00
1.,134704+01
2,51240<0,
8,70718,00
2.16200401
2,54490,01
2.,085130,01
3,25660401
3,63320401
1,67550,01
2,739880,4,00
2.,55710401
6,09000401
5,78400401
2.60910.01
9.,4%180400
9,0805%430

ANALYSIS OF MIE SCATTERING = PROBLEM NUMHER

INOEX OF REFRACTION s ¢
14840000401

12

3,66410,40a
3,26220,04
2427650402
1,19028,048
0,39890403
1,947504013
3,67530402
3,63028402
1,773980402
103212040}
1,6T820,02
S.41840402
1,42060,02
3,10688,02
9,92290401
1.,39290,02
6,922780401
A,843U0,04
4,94830401
3, 1117004
3,47670,01
1,69810,401
2,06000401
1,269704,01
8,L6770,00
1.,59520401
2,02028,00
1.,12820401
1,60730,00
5,143404,00
5,15280400
3,1)64002
T.40000400
3,90530400
2.,78898=01}
3,22200,00
9,8H010,00
1,8112040%
1.61030,01
5,03378430
5,04290<01
5.80240,00
5,10758,00
7.74900a0y
1,1256040)
2.7158V6,01
2.,156T8401
7.51300,0C
6,06150400
9,08058400

EXTINCTION EFFICIENCY 8 2,2610578400

SCATTERING EFFICIENCY 8 1,5996728+00

OTHET1 = 2,00

13

1,66410.08
3,26120,00
2027390408
1.19610,04
4,8500003
1.1001¥403
4,34070,02
4,05760402
1.800950,02
2430968400
1.79830,02
S.608:0402
9.36010401
3,35220402
4,93980,01
1.,56458,22
3,21050401
T.83170401
2,47410401
3,35530,0q
2,244R0,0,
1,219590404
2,000M9,01
1,25850 .00
1,00680,401
“4,30630400
6,88170,00
4,018A0400
1,70970400
«5,87630:01
«1,0063P400
*5,17570-03
*1,26490400
=4,46410400
1.76590400
1,15580-0)
«8,56550<01
«3,E0T08,00
1.03260401
«1,05010.01
2.,65690,00
1,83250401
8,81308,00
1,385%56,00
1:,52240401
3,69390,01
3,5530840
1,30010,01
“4,50388400
=9,08050+00

1,823000 » 0,0120

OTHET2 =

14

0,00000400
5 ,7363P401
©2,63668402
©3,60630402
=2,968580402
*1,84550402
©3,32690401
*1,16930401
©2,2500001

6,25620-01

4,70620401
«2,06550401

2,99180401

3,24060400
=6,68840400

1,49800401
*1,7950040}

1,74390404
*1,92148401

1,575%8401
“1,62010401

1,2072040;
*1,38340401

8,29448,00
«4,64710400

4,4965%400

9,75978=01

4,68510=02

4,10360400
«2,78080400

3,831080400
.y, 3967601
®1,376172400

3,728190400

2,14880-01

8,92370-01

9,23%40400

1,94180401

1,76300401

3,8506%400
«3,0812R400

2,37010400

4,12690400

5,98730<01

T, 48440400

1,76980401

1,00600¢01
«5,22178400
5 ,24939400
*1,01860=09

11
00 )
5.00

1AVG

J 60610000
1,26120404
2.,2Ta00k o0
1,1966F 04
4,82008402
1,11140603
8,425404C2
4,00470402
1,82028402
6,082240400
1,86908402
5,87280402
1,0823F4C2
3,36210402
6,21350401
1,50310402
4,4305040
T Th360401
3,46570+01
3,76390401
2,04050401
1,71340401
2,20590401
9.,12010400
1,70690401
7,8201800
1,29000401
6,50650400
T.15770+00
3,357080400
4,099a0400
3,09780400
3,95480400
6,20010400
5,81300¢00
1,737004C0
9,29340400
1,9%660401
2,09268401y
1,4%030e01
1,653T4 401
2,10670401
1,17210401
1,8573€400
1,081360¢01
4,42200401
4,07130401
1,60520401
7.,2%650400
9,08058+00

nymkTd =

PIoadgRTIIl

0,C0L0CH400
«3,0%858<08
©1,29490=0)3
o1 ,829T78=C3
4. 77588=r2
S.T4618=02
1.69498<01
1.,11258=01
2.756568<02
«9, 3648001
1,00248=01
4,92430-02
*3,62958=01
7.59080<02
*5,96988-01
1,20168=01
5 ,59690-01
1,67956+01
“4,27810=01
1,73270=01
2,23960-01
8,97710=0)3
9,88030«02
®3,92220-01
$5.26116=0}
5,05100<01
8,42770-0%
=7,12890=01
T.75450<01
*5,52140-01
©2,56960-01
9,.,89880-01
=8,81270=ny
3,65368-01
9.52020-01
=8,553¢60=C1
“8,31100<02
8,82058=02
2.1c150=01
€.631560=01
9,692,801
72458001
5,57448e01
5 ,8¢790<01
3.,807088=0}
3,77070=01
4,21158=01
5.48218-01
3,02510-01
©1,02568=10

2,50
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V. UTILIZATION INSTRUCTIONS - RRA-45

5 ) Description

RRA-45 is designed to calculate macrosccpic data for a given particle
size distribution by integration over the data generated by RRA-42. The
quantities calculated by this code are discussed in Section 2.2, They
are the unnormalized wolume scattering function, the normalized volume
scattering function, the cumulative procbability function, the extinction
ard scattering cross sections, the average cosine, and the scattering
cross section computed from the unnormalized volume scattering function.
The cosine values for the scattering angles corresponding to values of
the cumulative probability function at equal intervals from 0 to 1 are

calculated for input into the LITE codes.

The quantities listed above are output on a file designed to be
printed. The normalized volume scattering function and the cosines for
equal probability intervals are also written ~n a different file that

may be punched on cards for direct input into the LITE codes.

The microscopic data may be input on the same file as the scurce
program or the library tape generated by RRA-42 may be used, designating
this tape as input file "TAPE9." Explicit instructions are given in

Section 5.3.

As stated earlier the code will accept as input size distributions
of three types; these are:

brY

n(r) = ar'e (40)

s




n(r) = a (r1 <r < rz) ’

n(r) = br’ (r, < 1); (41)

2

and n(r) = tabular data. (42)

For equation 40, a and b may be determined for a particular choice of a
and y from the number of particles per unit volume, N. The two equa-

tions

i a _(Qi]_-,) +1
N=fn(r)dr==7b y &,
0 Y
and ”
%; n(r) = ara—le_br (a - br') = 0, for b = = » T I,

Vi
may be solved simultaneously for a and b. The radius r, is the mode

radius. The quantities a and b must be input into the code.

For equation 41, a and b may be determined for a particular choice

of a, r, and r2 by likewise solving

> ]
N= [ n(r)dr .
0
The type of size distribution to be used in a given problem is fixed
by the input cpiion parameter CHOOSE defined in Section 5.2. With the

use of the parameter OPTION, it is possible to input values of the size

distribution for each of the input size parameters.

Two types of numerical integration are available in computing
"Cumulative Probability,” Equation 32, and 'Cross Section from Phase
Function,”" Equation 28. Subroutine GRATER integrates by fitting a quadra-
tic curve through three successive points in the curve and integrating

the results analytically. The first two area increments in the integration
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are obtained using the trapezoidal rule. In order to define Equation 32
at each point in the curve, two passes through the function must be made
by the subroutine. If the curve is very highly peaked in the forward
direction, the resulting cumulative probability curve may not be a

smoothly increasing function.

When the curve is highly peaked, one may use subroutine GRATRE,
which integrates by fitting an exponential curve between two points and
integrating analytically. No area increments are obtaired by using the

trapezoidal rule.

If the function, Equation 27, 1s not highly peaked in the forward
direction, GRATER is sometimes the more accurate integrator. For highly
peaked functions, GRATRE is more reliable. The person preparing a

problem must determine which method best fits a particular problem.

5.2 Input Variables

A listing of the variables required as input to RRA-45 and the

formats to be used in preparing a problem deck are given in Table IX.

Table IX Problem Data Deck for RRA-45

Card
Variab.e Description Format _No.
NPROB Number of problems to be run. Each problem -~
corresponds to a new size distribution.
NTHETA Number of angles at which input phase functions
are defined.
*
NEXES Number of size parameters to be included in 516 1

caiculations.

N I oo W8




95

Table IX. (continued)

Variable Description

'
. lo
3

-3

NTAPE Parameter determining whether X(I), EXKROS (1),
SCKROS(I), and PHASE(I) are to be input as cards
o. chosen from a library tape loaded on file
"TAPE 9." Values are read from cards loaded be-
hind program deck for any other value for NTAPE.

NGRATE Variable for choosing type of numerical inte-
gration in computing "Cumulative Probability"
and "Crcss Section from Phase Function." If
NGRATE=0, subroutine "GRATER" is used. If
NGRATRE#0, subroutine "GRATRE" is used

XMIN Input only if NTAPE=0. XMIN is the smallest
size parameter to be used in the calculations.

- k

N
tr
[S—
w
o

XMAX Input only if NTAPE=0, XMAX is the largest
size parameter on tape 9, not necessarily the
larges size parameter used in the calculations.

X(I) Set of size parameters used in calculations.
I=1, NEXES

4 b

3E18.6
EXKROS(I) Extinction efficiency for X(I)

SCKROS(I) Scattering efficiency for X(I)
i, + 1
1 2

PHASE(I,J) Phase function for X(I) and for Jth  4E15.6

scattering angle.

THETA(J) Set of scattering angles for which PHASE is de-
fined. Angles must be the same for every X(i). 6E10.2

CHOOSE Parameter for :hoosing type of size distribu- o W
tion. If CHOOSE is zero, a size distribution
of the type shown in Equation 40 is used for
n(r). If CHOOSE is any other value, a type as
shown in Equation 41 will be used.

OPTION Parameter for choosing type of size distribu-
tion. If OPTION is zero, program will read
tabular data for n(r). For any other value of
OPTION, either a distribution as in Equation 40
or as in Equation 41 will be used according to
the value of CHOOSE. 3F6.0

Card

No.




Variable

DECIDE

WAVLGH

IPROB

NPDIV

ALPHA

GAMMA

CONST

XPMAX

&

ALPHA

ENR(K)
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Table IX. (continued)
Card

Description Format _No.

Decision for printing out probability values for
equal inc.ements and corresponding cosine values.
To print out, input zero for DECIDE. Any other
value vill suppress printout,

Wave length cf the light incident upon the scat-
tering medium. Input value in microns. E18.8 7

Problem number designation. 16

Number of probability divisions; e.g. if NPDIV=25,

the cosine of the angle corresponding to values

of the cumulative probability ranging from O to

1 in increments of .04 will be calculated. 16 8

Correspond to a in Equation 40.

Corresponds to o i. Equation 40. 4F18.8 9
Corresponds to b in Equation 40.

Corresponds to y in Equation 40. (Input A, ALPHA,
B, GAMMA only if CHOOSE is zerc. These quanti-
ties must be calculated on a basis for N = number
of particles per cm3,

Corresponds to a in Equation 41.

Size parameter corresponding to r, in Equation 41.'
3E18.8 10
F18.8

Corresponds to b in Equation 41.

Corresponds to a in Equation 41. (Input CONST,
XPMAX, A ana ALPHA only if CHOOSE is a value
other than zero. These values must be calcu-
lated on a basis for N = number of particles

per cm”. v

Set of values defining n(r) for all size para-
meters input. Input only if OPTION is zero.
ENR(K) should have units cm=3,-1. 5E12.6 11

* Numbers relate input parameters to cards shown in listing of sample
input data.
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5.3 Input Instructions

Some of the input data for RRA-45 will be obtained from the punched
output file produced by running RRA-42, RRA-42 punches out X(I), EXKROS(I),
SCKROS(I), PHASE(I,J), and THETA(J) in the exact order they are to be
input, provided size parameters have been calculated in increasing order.
Provision has been made for input of these parameters from a separate
library tape. Thus a tape containing data for a particular refractive
index and for a very large range cf size parameters X(I) may be used
where only those size parameters to be used in the calculation of a
particular problem are read from the tape. Data are contained on the
tape in the following configuration:

1. One ;ecord containing the value of X{(1), EXKROS(1l), SCKROS(1l).

2. NTHRTA/4 records containing PHASE(I,J), J=1, NTHETA, four
values to a record.

3. Statements 1 and 2 are repeated until all size parameters and
corresponding PHASE's are exhausted. Each new X(I) starts a
new record and each PHASE(I,l) begins a new record.

4, NTHETA/6 records at end of tape containing THETA(J), J=1,
NTHETA, 6 numbers per record. THETA(1l) begins a new record.

When using separate library tape (NTAPE=0) as described above, data cards
are loaded on the card reader behind the source deck in the following
order:

Card 1: NPROB,NTEHTA,NEXES,NTAFE,NGRATE

Card 2: XMIN,XMAX

Card 3: CHOOSE,OPTION,DECIDE
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Card 4: WAVLGH, IPROB
Card 5: NPDIV
Card 6: IF OPTION=Q ENR(K) (continued on cards 7, 8, etc.)
IF OPTION#0
IF CHOOSE=0  A,ALPhA,B,GAMMA
IF CHOOSE#0  CONST,XPMAX,A,ALPHA
When not using separate library tape (NTAPE=0), data cards are loadad
in the following order.
Card 1: NPROB, NTHETA, NEXES, NTAPE, NGRATE
Carxrd 2 through
Card N: Cards containing X(I),EXKROS(I),SCKROS(I),PHASE(I,J), and
THETA(J). Load only those size parzmeters used in calculations,
in order of increasing size. These cards must be in exactly
the configuration described for these data using a separate
library tape.
Card N+1: CHOOSE, OPTION, DECIDE
Card N+2: WAVLGH, IPROB
Card N+3: NPDIV
Card N+4: Same as Card 6 described above,
When using different size distributions with the same set of parametric
data, several problems may be run by specifying the number of problems
with NPROB. Cards 3, 4, 5 and 6 must be loaded for each problem, each
set of four cards immediately following another. Thus, to run an addi-
tional problem, cards corresponding to cards 3, 4, 5 and 6 need only to
be added to the end of the data deck. This process is repeated for each

additional size distribution or wave length to be used in a given run,
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The following list gives the file names of the input-output files:

Input-Qutput Files File Name
1. Program deck CARD

2. Input data CARD

3. Printed output PRINT
4, Punched output PUNCH

5.4 Sample Problem

Table X gives a listing of the problem input data for a RRA-45
sample problem and Table XI lists the printed output obtained from running
the sample problem. The second page of the printed output is an optional
printout obtained when the opticn DECIDE was input as zero. Table XII

lists the punched card output obtained for the sample problem.

The column designated "Phase Function" in Table XI contains those
quantities defined in Equation 27. The "Differential Probability" cclumn
contains values definea in Equation 29. Values for "Cumulative Probability"
are defined by Equation 32. ‘The optional printout shows the cosine for

equal increments in cumulative probability.

The sample problem describes the scattering of light by particles
with a size distribution

n(r) = 2ﬂ373r6 e_1 3r cm_3 u-l

where N = 100 cm-3 and Lode = 4u. A wave length of 5.30u and index of

refraction 1.315 - 0.01431 was used. Size parameters used are* - y.25,

«5(.S)lS5.
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TABLE X, RRA-45 SAMPLE PROBLEM INPUT DATA

(CARD INFUT)
1 22 26 0 1
2,500F=01 1,500€801
0.0 1.0 0,0
%.30E600 ?
2%
2,373 6,0 1,%

Listing of Tape Input Data Given on the Following 6 Pages




2,500E-01
9.557¢=06
9.185F=06
6,693E=06
4,649(=06
6. 449E=06
8,917€=06
5,000E=0}
6,873t =04
6,705E=048
a,81AF=08
9.908F =04
3,A07E=0a
5.172AE=04
1,000E400
4,752 ~C?
4,507¢=02
7931602
1:535F=02
1457 3F=2
1.892¢=02
1.,500ER00
54758F=01
5¢3626=01
2.958E=01
9+575F=02
5.,005¢=02
4,336E=02
2,0006800
3.,432€R00
3110ERGO
1,336£200

101

TABLE X, (CONT.)

8,68.5€=03
9.,533L=06
8,985.=06
5.,898L°06
4,764t =0¢
T,7218t=06
9.046L%06
2,3774E=02
6,a56L=904
6,060t=04
3., R49E =04
?.928E=00
a,7221L=04
5,199t °04
1,253AF =0t
4,736t=07
4,3TTL=02
?2,u83-02
1,483L=02
1.6772L=02
1,900L=02
3,5320E=M1
5,732E=04
5,153L=0}
7.263t=0)
7.554L=02
4,706L=02
4,316E=02
1,17306=01
3, 411LR00
2.943tL00

8,936L=09

9.,402F=06
8,335€=06
5,2a7€06
S, 139E=08

7.,941F=06

6,805F=0a
5,593F=0a
3,380g=04
3,111 =00

4,600E=04

4,680(=07
3,958E=02
7.,033g=07
1.,835¢=02

1.T67E=07

S.656E=01
4,495¢=04
1.,693F=01
6,275€=C?

4,518€=07

3, 348E000
2,432E000
5.813E=01

3,968F=0a
9.346F=06
T.539F«0¢
a,815¢=006
S.726F=0N¢

8,529¢=04

6,20TF=03

6,320F=N4
5.022F=04
3,056F=0C4
3,0820p =04

a,974aF=na

8,479€=02

4,612F=0¢
3. a85F=n?
1,729g=02
1,8R7g=0?

1,8483F=02

?.,840F=01

5,532F=01
3,729£°=01
1.762€=01
5.8A7g=02

4,401g=02

6,158€=01

3,2a7ck00
1.867ER00
3,316c800

0~
cox
(Jol]
0t0
011
012
013
014
015
016
017
018
019
020
021
022
023
0°4
02%
026
027
028
029
030
031
032




1,83%€=04
7.232¢=03
2,602Fe02
2.,500ER0Q
12815001
1.073F2 01
1, 1326000
1.6824 =01
1.,477F =0}
3,037F=01
3.,000£800
3.58a£201
N.95a£80%
4,802FR00
?2.,A7T8€=01
1,863F=01
1.107€=01
3.500ER00
n,223ER001
A, 1507201
S.183F200
7.0ARE=0]
2.111F=01
7,382F =01
a,000£R00
14A9AER02
1.213£802
3,491FR00
0,548g=01
AsT98F=01
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